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ABSTRACT 


This  report  considers  the  effectiveness  of  current  noise  regulations  in 
Appendix  F  of  FAR  Part  36,  examines  the  potential  effectiveness  of  future 
technology  to  achieve  further  noise  reduction,  and  evaluates  a  number  of  new 
concepts  for  noise  certification  procedures  for  propeller-driven  small  aircraft.  The 
latter  were  based,  in  part,  on  results  of  a  flight  test  program  carried  out  with 
Cessna  Aircraft  Company,  to  evaluate  the  utility  of  takeoff  noise  tests  and  the 
possible  use  of  sound  exposure  level  as  a  suitable  metric  for  noise  certification  of 
the  subject  aircraft. 

The  study  indicates  that  existing  regulations  hove  been  effective  in  stimu¬ 
lating  development  of  quieter  propellers  for  the  existing  fleet  of  propeller-driven 
small  aircraft.  However,  it  does  not  oppear  economically  feasible  to  achieve  more 
noise  reduction  in  most  of  this  fleet  using  existing  technology  with  the  possible 
exceptions  of  some  of  the  two-engine  aircraft.  However,  application  of  future 
noise  reduction  technology,  primarily  for  quieter  propellers,  should  allow  a 
reduction  in  current  noise  limits  by  about  6  dB  and  should  redu.e  levels  of  the 
noisiest  aircraft  in  the  current  fleet  by  os  much  as  lOdB. 

A  takeoff  test  is  appropriate  for  all  propeller  aircraft  except  those  equipped 
with  cruise-optimized  fixed-pitch  propellers.  For  this  test,  the  current  level 
flyover  test  appears  to  represent  the  noisiest  operating  condition.  Sound  exposure 
level  is  applicable  os  a  preferred  noise  metric  to  be  applied  to  all  propeller 
aircraft,  regardless  of  gross  weight  providing,  in  part,  the  basis  for  removal  of  the 
discontinuity  between  Appendix  F  and  Appendix  C.  It  is  estimated  that  current 
regulatory  limits  for  small  ond  lo’ge  propeller  aircraft  could  be  translated  to  a 
single  consistent  takeoff  sound  exposure  level  limit  of  approximately  90  dB  as 
measured  under  the  takeoff  flight  path  at  2.5  km  from  brake  release. 
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1.0  INTRODUCTION 

l.l  History  of  Noise  Regulotions  for  Smoll  Propeller  Aircroft 

The  noise  abatement  regulatory  program  of  the  Federal  Aviation 
Administration  was  initiated  in  1969  by  meons  of  Federal  Aviation  Regulotion, 
Part  36  -  Noise  Standards:  Aircraft  Type  Certification,  published  in  Federal 
Register  34  FR  18355,  November  18,  1969.  The  regulation  at  that  time  prescribed 
noise  standards  for  the  type  certification  of  subsonic  transport  category  civil 
aircraft,  and  subsonic  turbojet-powered  civil  aircraft  of  all  categories. 

Since  1969,  the  regulation  has  been  amended  on  o  continual  basis  to  take 
account  of,  and  to  ensure  the  enforcement  of,  new  technology  which  would  lead  to 
an  improved  noise  environment  around  airfields.  In  addition,  amendments  hove 
been  adopted  to  include  other  categories  of  the  civil  aircraft  fleet  such  as 
supersonic  aircraft  and  propeller -driven  small  aircraft.  Noise  regulations  for  the 
latter,  first  adopted  as  Amendment  36-4  on  December  31,  1976,  were  a  result  of 
the  Federal  Aviation  Act  of  1958  (49USCI43I),  amended  by  the  Noise  Control  Act 
of  1972  (PL  92-574),  vvhich  mandated  FAA  to  consider  noise  regulations  for  each 
particular  type  of  aircraft.  NPRM  73-26,  published  by  FAA  on  October  10,  1973, 
set  in  motion  this  rulemaking  process  which  culminated  in  Amendment  36-4  to 
FAR  Part  36  which  prescribed;* 

". .  .  noise  standards  for  the  issue  of  normal,  utility,  acrobatic,  transport,  and 
restricted  category  type  certificate  for  propeller-driven  small  airplanes;  to 
prescribe  noise  standards  for  the  issue  of  standard  airworthiness  certificates 
and  restricted  category  airworthiness  certificates  for  newly  produced 
propeller-driven  airplanes  of  older  type  designs;  and  to  prohibit  'acoustical 
changes,'  in  the  type  design  of  those  airplanes,  that  increase  their  noise  levels 
beyond  specified  limits." 

This  amendment  applied  to  the  above  categories  of  aircraft  with  maximum 

takeoff  weights  of  up  to  and  including  1 2,500  lb.  Simultaneously,  with  the  issue  of 

this  new  rule,  FAA  also  issued  an  NPRM  relating  to  EPA's  proposed  version  of  noise 

certification  rules  for  small  propeller-driven  aircraft.  Subsequently,  following  o 

review  of  the  proposed  EPA  version,  some  revisions  to  the  FAA  rules  were 

2 

published  as  Amendment  36-6,  effective  January  24,  1977.  No  substantive 

3 

revisions  have  been  made  since.  However,  subsequent  to  the  Sixth  meeting  of  the 
Committee  on  Aircraft  Noise  in  June  1979,  Working  Group  C  of  the  International 


Civil  Aviation  Orgarization  (ICAO)  has  been  involved  in  discussions  of  possible 
further  refinements  in  these  rules.^  (Chapter  6  and  Appendix  3  of  Annex  1 6, 
adopted  by  ICAO  in  Amendment  12,  April  1974,  has  very  nearly  the  same  noise  rule 
for  small  propeller  aircroft  as  adopted  by  FAA.  Until  recently  (1981),  the  ICAO 
rule  hod  a  requirem«nt  for  "maximum  continuous  power"  as  the  test  condition,'^ 
whereas  FAA  requires,  according  to  Amendment  36-6,  "not  less  than  the  highest 
power  in  the  normal  operating  range  . . ."  as  the  test  condition.  Both  ICAO  and 
FAA  rules  now  requir  j  the  latter  power  settings.) 

At  present,  therefore,  the  general  concept  and  rulemaking  basis  of  the 
existing  FAR  (and  ICAO)  regulations  for  noise  limitotion  of  small  propeller-driven 
aircraft  is  that  of  the  state-of-the-art  (in  technology  and  available  noise  certifi¬ 
cation  procedures)  which  prevailed  during  the  1973  to  1975  time  period,  with 
constructive  reconsideration  during  the  formulation  of  Amendment  36-6  during 
1976.  Since  that  time,  considerable  experience  has  been  obtained  in  the  implemen¬ 
tation  of  the  regulation  and  in  the  response  of  the  aircraft  industry  to  meeting  the 
noise  limits  imposed  by  the  regulation.  Further,  the  noise  limiting  procedure 
adopted  in  the  re^^jlution  is  now  applicable  (as  of  January  I,  1980)  to  all  newly- 
produced  aircraft  wit  lin  the  scope  of  the  regulation. 

With  the  benefit  of  this  experience  and  with  a  view  towcrds  future  needs  in 
the  omendment  of  regulations,  FAA  is  currently  engaged  in  a  program  of 
evaluation  of  the  current  regulation  for  small  propeller  aircraft  and  of  possible 
changes.  This  report  represents  part  of  that  evaluation  process  and  is  a  result  of 
studies  performed  by  contractors  under  the  guidance  of  FAA's  Noise  Policy  and 
Regulatory  Branch,  Noise  Abatement  Division. 

1.2  FAR  Port  36,  Appendix  F,  Proceckires 

The  application  of  the  regulatory  procedure  for  noise  limitations  of  small 
propeller-driven  aircraft  is  described  in  Appendix  F  of  FAR  Part  36,  which 
prescribes  limiting  noise  levels  and  procedures  for  measuring  noise  and  correcting 
noise  data  for  the  specified  aircraft. 

FAR  Part  36,  Appendix  F  is  reproduced  for  reference  purposes  as  Appendix  A 
to  this  report.  The  following  is  a  brief  outline  of  those  parts  of  the  Appendix  •.  'hich 
will  be  further  examined  in  later  sections  of  this  report; 

Excepting  agricultural  and  firefighting  airplanes  employed  in  the  use  for  which 
they  were  designed. 


2 


I. 


The  procedures  require  that  a  minimum  of  six  level  flight  flyovers  be 
performed  at  a  height  of  1,000  ft  (+30  ft)  above  ground  level.  The 
power  setting  of  the  aircraft  during  these  flyovers  should  not  be  less 
than  the  maximum  in  the  normal  operating  range  of  the  aircraft.  (This 
is  now  commonly  referred  to  os  '•maximum  normal  operating  power" 
(MNOP).) 

2.  Noise  measurements  are  to  be  obtained,  during  the  overflights,  in  terms 
of  the  Maximum  A-weighted  Sound  Level,  in  decibels,  using  slow 
averaging  meter  response,  during  the  overflights. 

3.  Sufficient  flights  (ot  least  six)  shall  be  performed  to  establish  the 
arithmetic  average  of  the  measured  maximum  A-weighted  sound  levels 
with  90  percent  confidence  limits  of  1.5  dB  or  less. 

4.  The  measured  average  maximum  A-weighted  sound  level  must  be 
corrected  by  a  calculated  performance  correction  factor: 

AdB  =  60  -  20log|g  ((1 1,430  -  D^q)  +  50) 

which  is  algebraically  added  to  the  measured  level.  This  correction 
must  be  calculated  using 

D50  =  Takeoff  distance  (in  feet)  to  50  ft  obstacle  height  at  maximum 
certificated  takeoff  weight, 

R/C  =  Certificated  best  rate-of -climb,  and 

Vy  =  Speed  for  best  rate-of -climb,  in  same  units  as  the  best  rate-  of- 
climb. 

Where  D^q  is  not  listed  as  approved  performance  information,  the 
values  of  2,000  ft  for  single-engined  aircraft  and  2,700  ft  for  twin-  or 
mul ti -engi ned  aircraft,  must  be  used. 

5.  The  correction  factor  is  limited  to  5  dB. 

In  essence,  therefore,  the  procedures  of  FAR  Part  36,  Appendix  F  for  small 
propeller-driven  aircraft  are  directed  to  measuring  the  maximum  sound  level  which 
would  be  typically  experienced  during  l,(X)0  ft  height  overflights  by  aircraft 
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operated  at  the  maximum  normal  operating  power  setting  for  such  flights.  The 
incorporation  of  a  taktioff  performance  correction  factor  to  this  measured  level  is, 
in  reality,  an  allowance  for  the  fact  that  under  best  rate-of-cl imb  takeoff 
procedures,  many  aircraft  will  achieve  a  height  greater  than  1,000  ft  when 
reaching  a  distance  of  I  1,430  ft  (3.5  km)  from  its  brake  release  point  on  the 
departure  runway.  The  performance  correction  is  equivalent  to,  and  derived  from, 
a  simple  inverse  square  law  correction, 

Ad8  =  -20  logjQ  (jooo  ^ 

where  h  is  the  expected  aircraft  height  at  3.5  km  (1 1,430  ft)  from  brake  release. 

The  topics  to  be  addressed  in  this  report  are  primarily  concerned  with  the 
effectiveness  of  the  above  procedures  as  a  means  of  regulating  aircraft  noise, 
taking  account  of  the  experience  gained  to  date  in  their  implementation. 

1.3  FAR  Part  36,  Appendix  F,  Noise  Level  Limits 

All  aircraft  which  are  required  to  comply  with  FAR  Part  36,  Appendix  F,  as 
part  of  their  type  certification  must  comply  with  noise  level  limits  based  on  the 
maximum  certificated  takeoff  weight  of  the  aircraft.  These  limits  are  shown 
graphically  in  Figure  I  and  apply  to  the  meosured  sound  levels  obtained  by  test  ond 
corrected  according  to  the  performance  correction  procedure  as  described 
previously. 

As  shown  in  Figure  I,  the  noise  limiting  process  has  a  time  phased  application 
which  depends  on  the  date  of  application  for  a  type  certificate.  The  basic  limit  set 
by  the  regulation  applied  to  aircraft  for  which  application  for  a  type  certificate 
was  made  before  October  10,  1973.  This  limit  was  68  dB(A)  for  aircraft  with 
weights  up  to  1,320  lb,  increasing  at  a  rate  of  I  dB/165  lb  to  a  limit  of  82  dB(A)  at 
3,630  lb,  and  constant  at  82  dB(A)  for  weights  from  3,630  lb  up  to  and  including 
12,500  lb.  The  second  criterion  applies  to  aircraft  for  which  a  type  certificate 
application  was  made  on  or  after  January  I,  1975.  This  second  noise  limiting 
criterion  restricts  the  noise  from  aircraft  with  wei^ts  from  3,300  lb  to  12,500  lb 
(inclusive)  to  a  maximum  of  80  dB(A).  It  is  also  applicable  to  all  production 
aircraft  which  did  not  have  any  flight  time  before  January  I,  1 980. 

The  FAA  noise  limits  were  established  in  1974  after  considerable  public 
discussion  of  technical  practicability  and  economic  reosonableness.*  Alternative 
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Notes:  FAR  Part  36  Appendix  F  Noise  Limits  Applicable  When 

(a)  Type  certification  applied  for  on  or  aft>  r  October  10,  1973; 

(b)  Type  certification  applied  for  on  or  after  January  1,  1975,  and  for 
Production  aircraft  with  no  flight  time  before  January  1,  l980. 


Figure  1.  FAR  Part  36  Noise  Limits  for  Propeller-Driven  Small  Airplanes 


proposals  for  regulatory  noise  limits  were  made  by  EPA^  during  subsequent 
reviews.  The  EPA  proposed  more  stringent  noise  limits,  expressed  in  more  complex 
noise  units  of  EPNdB  which  require  spectral  analysis  of  flyover  noise  histories  and 
the  application  of  duration  corrections.  An  approximation  to  the  EPA  proposal  for 
aircraft  with  type  certification  after  January  2,  1980,  is  shown  in  Figure  I  for 
comparison  purposes.  This  proposed  limit  was  expressed  os 

EPNL  =  89  -  15  log  (12,500/W),  EPNdB 

where  W  is  the  aircraft  maximum  certificated  tokeoff  weight,  in  pounds. 

The  approximation  shown  in  Figure  I  is  based  on  a  relationship  between 
EPNL,  and  aircraft  weight  derived  from  data  presented  by  EPA.^ 

The  primary  objection  to  the  EPA  proposals  was  that  they  would  incur  an 

unreasonable  economic  burden  on  the  manufacturers,  purchasers,  and  operators  of 

future  aircraft.  FAA  agreed  with  these  objections  and  retained  the  current  noise 
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limits  with  a  proviso  that  these  limits  could  be  lowered  "according  to  the 
development  of  technologies  and  to  the  cost-effectiveness  of  prescribing  those 
(lower)  noise  levels." 

1.4  Study  Objecflws  and  Methods 

The  purpose  of  the  present  report  is  to  examine  (a)  the  effectiveness  of  the 
current  noise  regulation  for  small  propeller-driven  aircraft,  and  (b)  alternative  or 
supplementary  procedures  that  would  ensure  that  new  cost-effective  technologies 
are  utilized  to  achieve  noise  reduction  in  new  aircraft  designs. 

As  was  the  case  during  the  introduction  of  Amendment  36-4  which  first 
presented  noise  standards  for  the  propeller-driven  small  airplanes,  any  further 
amendment  which  affects  the  marketability  of  aircraft  will  be  subject  to  close 
scrutiny  by  the  industry  and  others.  It  is  clear,  however,  that  experience  gained  by 
the  industry  in  meeting  Appendix  F  current  regulations  will  provide  a  more 
realistic  basis  for  the  evaluation  of  any  new  regulation.  Further,  work  on 
examining  potential  amendments  to  the  reflation  has  been  ongoing  for  some 
years,  by  FAA,  ICAO,  and  by  the  industry.  Another  factor  of  high  significance  is 
that  a  considerable  amount  of  research  has  been  performed  in  recent  years  to  aid 
the  development  of  general  aviation  technology.  Most  of  this  work  has  been 
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performed  since  the  introduction  of  Appendix  F  noise  regulations,  and  while 
directed  more  towards  improving  the  efficiency  and  fuel  economy  of  general 
aviation  aircraft,  significant  advances  have  been  made  in  the  understanding  and 
control  of  the  predominant  noise  sources  of  these  aircraft. 

In  pursuing  the  objectives  of  this  study,  therefore,  the  work  reported  herein 
relies  heavily  on  examining  the  experience  gained  by  industry  over  the  past  5  to 
10  years,  the  effectiveness  of  the  FAR  Part  36  Appendix  F  in  causing  this 
experience  to  be  translated  into  the  design  of  quieter  aircraft,  and  the  current 
state-of-the-art  in  developing  new  technology  which  has  potential  for  further  noise 
reduction  of  the  small  airplane  fleet. 

The  first  of  these,  the  effectiveness  of  the  current  noise  regulation,  is 
examined  in  Section  2  of  this  report  by  reference  to  industry's  response  to  the 
regulation  and  what  this  response  means  in  terms  of  noise  levels  around  airfields. 
Results  from  a  demonstration  flight  test  program  are  used  to  examine  the 
relationship  between  level  flyover  and  other  flight  modes.  These  are  further  used 
to  develop  a  takeoff  noise  simulation  model  which  is  then  applied  to  a  data  base  of 
aircraft  comprising  90  different  aircraft  types  of  the  currently  noise-cert  if  icoted 
fleet.  The  need  for  change  in  regulation  is  examined  in  Section  2.3  and,  os  a 
guideline  to  fulfilling  this  need,  the  requirement  for  noise  controls  to  be  design- 
oriented  rather  than  by  operational  restrictions  is  discussed  in  Section  2.4. 

Section  3  of  this  report  examines  the  ability  of  noise  control  technology  to 
provide  cost-effective  noise  reductions.  This  is  first  summarized  in  an  overview  of 
the  state-of-the-art.  This  overview  is  followed  by  examples  of  the  application  of 
current  technology,  which  requires  selection  from  a  matrix  of  "off-the-shelf" 
propeller  hardware.  In  this  evaluation,  three  baseline  aircraft  were  analyzed  by 
means  of  a  Cessna  Aircraft  Company  computer  program  for  oir craft  design  sizing. 
Each  analysis  examined  variations  in  propeller  diometer,  activity  factor,  blade 
number  and  rotational  speed  (rpm),  and  their  resulting  effects  on  Appendix  F 
flyover  noise  levels  and  aircraft  performance  characteristics.  The  potential  noise 
benefits  of  new  (advanced)  propeller  technology  is  evaluated  in  Section  3.3.  This 
evaluation  is  based  on  recent  published  analytical  studies  of  propeller  noise,  which 
employ  the  most  up-to-date  noise  prediction  methodology.  While  these  studies 
have  yet  to  be  validated  by  experimental  proof  of  their  findings,  they  have  the 


7 


benefit  of  introducing  the  elaborate  detail  of  airfoil  and  pressure  loading  charac¬ 
teristics  into  the  noise  evaluation  process.  This  is  a  significant  advancement  over 
earlier  methods,  which  dealt  only  with  the  gross  characteristics  of  propellers.  The 
overall  findings  of  this  evaluation  of  noise  control  technology  is  summarized  in 
Section  3.4. 

Section  4  of  this  report  examines  the  potential  for  amendment  of  the  noise 
regulations  for  propeller-driven  small  airplanes.  Three  particular  aspects  of  the 
regulation  are  investigated.  First,  the  potential  of  adding  a  takeoff  test  procedure 
is  considered.  Second,  the  study  considers  the  use  of  different  noise  metrics,  such 
as  those  which  include  noise  duration  characteristics  in  the  evaluation,  those  which 
are  more  amenable  to  measurement  by  direct-read  instrumentation,  and  those 
which  are  more  compatible  with  the  environmental  noise  indices  which  are  now  in 
use.  Third,  the  problem  of  continuity  and  compatibility  between  FAR  Port  36 
Appendix  F  and  Appendix  C  is  examined.  This  problem  of  continuity  occurs  for 
aircraft  which  may  have  maximum  certificated  takeoff  weights  in  the  region  of 
12,500  lb  such  as  are  currently  being  considered  for  16-20  passenger  commuter 
missions.  Recent  studies  have  indicated  that  design  optimization  for  specific 
mission  scenarios  could  affect  the  weight  parameter  sufficiently  to  cause  a  change 
in  the  applicable  noise  regulation.  Clearly,  any  discontinuity  in  noise  rules  should 
be  avoided,  especially  when  it  may  detrimentally  affect  design  optimization.  The 
results  of  the  above  three-part  examination  of  the  noise  regulation  are  summarized 
in  Section  4.4  using  the  simulated  model  of  takeoff  test  procedures.  In  Section  4.4, 
the  takeoff  noise  levels  are  predicted  using  a  conversion  from  the  maximum 
A-weighted  sound  level,  to  the  corresponding  time-integrated  metric, 

sound  exposure  level,  SEL  (or  in  ISO  terminology).  Graphic  presentations  are 
then  given  of  the  expected  trends  of  these  modified  noise  levels  with  respect  to 
aircraft  weight  and  measurement  location  (i.e.,  distance  from  takeoff  brake 
release). 

Section  5  of  this  report  summarizes  the  primary  findings  of  the  study,  and  the 
conclusions  which  result  from  these  findings.  Appendices  B  and  C  contain 
summaries  of  test  data  (Appendix  B)  and  computer  analysis  data  (Appendix  C) 
acquired  during  the  performance  of  this  study.  The  former  comprises  noise  level 
and  aircraft  performance  data  obtained  during  flight  tests  of  Cessna  172P,  2 ION, 


and  402C  aircraft  in  level  fli^t,  takeoff,  and  simulated  climb  conditions  at 
Sunflower  Airfield,  Kansas.  Direct-read  integrating  sound  level  meters  and 
Nogro  IV  SJ  tape  recorders  were  used  in  each  cose  to  obtain  measurements  of 
*“^Max’  '“AX*  '“eq  measurement  sites  and  at  heights  above  ground  level 

of  1.2  m  and  10  m.  These  data  are  used  extensively  throughout  this  report. 

Appendix  C  is  a  compilation  of  example  computer  data,  supplied  by  Cessna 
Aircraft  Company,  resulting  from  their  use  of  the  Cessna  Aircraft  Sizing  Program 
to  evaluate  various  changes  in  propeller  design  applied  to  a  Cessna  210N,  4I4A,  and 
a  441  aircraft.  The  data  show  the  influence  of  propeller  design  changes  on  flyover 
noise  level,  takeoff  performance,  and  cruise  f>erformance.  These  are  reviewed  and 
discussed  in  Section  3.2  of  this  report,  as  previously  mentioned. 

Finally,  Appendix  D  provides  estimates  of  the  trends  in  noise  impact  of 
general  aviation  aircraft  in  support  of  the  discussion  on  need  for  source  noise 
control  and  Appendix  E  presents  a  brief  example  of  the  tradeoff  involved  between 
aircraft  engine  power  and  airframe  weight  to  maintain  a  constant  takeoff 
performance. 
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2.0  EFFECTIVENESS  OF  TFC  NOISE  REGULATION 


2.1  Indu5try*5  Response  to  the  Regulation 

Industry's  awareness  of  the  likelihood  of  a  noise  regulation  applicable  to 
propeller-driven  small  airplanes  started  in  the  late  I960*s  during  the  rulemaking 
process  for  FAR  Part  36  noise  standards  for  subsonic  transport  category  and 
turbojet  aircraft.  In  fact,  the  industry  began  to  intensify  its  efforts  to  control 
noise  of  the  general  aviation  fleet  In  1971^  with  a  significant  amount  of  flyover 
noise  testing  of  its  existing  aircraft  and  with  experimentation  on  changes  of 
propeller  and  engirie  installations.  Many  of  these  initial  programs  were  to  some 
extent  based  upon  propeller  noise  control  guidelines  derived  from  noise  prediction 
methods  developed  during  the  1940-55  period.  These  methods  were  directed 
mainly  to  the  control  of  lower  frequency  harmonic  noise  content  and  empiricized 
the  so-called  "vortex  noise"  which  occurred  at  higher  frequencies.  It  was  rapidly 
fourxl  that  these  guidelines  were  totally  inadequate  for  design  purposes  to  meet 
future  fjotential  noise  limits,  especially  if  the  limits  were  expressed  in  subjective 
noise  metrics  such  as  the  A-weighted  sound  level.  Very  little  analytical  research 
on  propeller  noise  was  in  progress  during  the  eorly  )970's,  most  research  being 
devoted  to  helicopter  and  turbofan  noise  programs. 

The  industry,  faced  with  impending  regulations,  therefore  embarked  on 
experimental  programs  to  determine 

a.  the  noise  signatures  of  its  current  fleet  of  aircraft,  and 

b.  new  guidelines  for  noise  control. 

By  1974,  when  the  FAR  Part  36  Appendix  F  was  adopted,  the  industry's 
experience  was  still  inadequate  to  resolve  the  major  problems  of  system  design  and 
most  aircraft  noise  control  programs  were  based  on  trial  and  error.  In  1976,  the 
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General  Aviation  Manufacturers  Assocation  (GAMA)  produced  a  review  document® 
on  research  and  development  work  performed  by  the  industry  during  the  preceding 
2  years.  This  review  illustrated  clearly  that  while  very  few  of  the  design  problems 
had  been  solved,  some  clarification  of  the  complexity  of  the  problems  had  been 
achieved.  One  of  the  most  notable  results  was  that  blade  thickness  was  found  to 
play  a  significant  role  in  the  A-weighted  sound  level  of  flyover  events.  Otherwise, 
the  basic  design  objective  remained  that  of  reducing  the  blade  helical  tip  speed 
with  minimum  penalty  in  takeoff  performance. 


Since  1976,  two  separate  approaches  have  been  made  to  improve  the  design 
prediction  aspects  of  propeller  aircraft  noise.  These  are  reviewed  in  Sections  3.2 
and  3.3  of  this  report  as  part  of  on  assessment  of  noise  control  technology. 
Basically,  the  first  approach  was  by  empirical  analysis  of  certification  noise  data 
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acquired  throughout  the  I970's,  for  example,  by  Cessna  Aircraft.  ’  The  second 
approach  was  by  use  of  improved  analyticol  theory  for  sound  radiated  by  propeller 
blade  airfoils.  The  application  of  this  latter  approach  has  been  oriented  towards 
theoretical  studies  of  propeller  desigru  using  improved  airfoil  sections,  blade 
plonform  and  thickness  changes,  and  relatively  new  concepts  such  as  blade  sweep 
and  proplets  (tip  plate  devices).  These  have  been  primarily  studies  by  NASA  and 
universities,  and  have  not,  as  yet,  been  used  as  design  input  by  the  industry. 
Industry's  experimentation  with  some  of  these  new  concepts,  such  as  the  Q-tip 
(proplet),  elliptical  plonform  blade  tips  and  supercritical  airfoils  has  been  generally 
unsuccessful.^  Experimentation  with  blade  number  changes,  as  shown  by  the  data 
compiled  in  Table  I,  were  performed  to  find  combinations  of  blade  number, 
propeller  diameter  and  rpm  which  would  not  significantly  degrade  the  operational 
characteristics  of  the  aircraft  -  this  being  a  major  factor  in  safety  and  in 
competitive  marketing.  Hence,  half  of  the  three  blade  test  versions  shown  in 
Table  I  were  operated  at  hi^er  blade  tip  speeds  thon  the  two  blade  versions  arxl 
show  no  benefit  in  noise  reduction.  However,  the  change  to  a  three-bladed 
reduced-diameter  propeller  allows  the  FAR  noise  limits  to  be  met  at  engine  rated 
rpm  (rather  than  at  a  reduced  rpm)  which  is  a  major  factor  in  aircraft  operating 
specifications. 

Reference  to  Figure  2,  from  Reference  7,  shows  that  between  1972  and  1980 
the  industry  steadily  increased  its  data  base  of  test  results  and  ensured  that  all 
current  production  aircraft  met  the  1980  noise  limit  by  the  due  date.  A  similar 
presentation  is  shown  in  Figure  3  for  aircraft  produced  by  Cessna  Aircraft  Pawnee 
Division. 

An  indication  of  the  methods  employed  to  meet  the  1980  limit  is  shown  in 
Table  2,  which  relates  only  to  the  Cessna  coses.  Of  these  example  cases,  the 
hipest  nonrecurring  costs  hove  been  incurred  by  engine  changes  to  accommodate 
lower  propeller  rotational  speeds.  The  Cessna  152  now  has  a  higher  compression 
ratio  engine,  the  Lycoming  0-235 -42C,  which  is  the  most  recent  of  the  0-235 
series  arx)  develops  a  rated  horsepower  of  Il5shp  at  2,700  rpm  and  105  shp  at 


Test  Coses  of  Two  and  Three  Blode  Propellers  to  Determine  Flyover  Noise  Levels  (from  Ref.  9) 


Figure  2. 


History  of  Changes  in  Industry  Response  to  the  Noise  Certification 
Requirements  of  Appendix  F.  (Data  From  Reference  7) 
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Corrected  Sound  Level,  dB(A) 


Figure  3.  FAR  Part  36  Type-Certification  Noise  Levels  of  Cessna  Aircraft. 


Examples  of  Noise  Control  Applications  to  Cessna  Aircraft 
(costs  in  19k)  dollars) 


quieter  models:  three 
:1s  using  MNOP:  three 


2,400  r pm.  At  FAR  noise  test  conditions,  it  produces  llOshp  at  2,550  r pm, 
compared  with  2,650  rpm  of  its  predecessor.  The  Cessna  180  and  182  models  now 
use  a  Teledyne  Continental  O-470-U  engine  with  8.6:1  compression  ratio  requiring 
lOOLL  grade  fuel.  Both  these  aircraft  were  noise  tested  with  power  settings  of 
230  shp  at  2,400  rpm,  a  reduction  in  rotational  speed  from  2,600  rpm  of  the  earlier 
models.  The  turbocharged  aircraft  models,  T206,  T207,  and  T2I0,  use  a  Teledyne 
TSI0-520-M/R  series  engine  which  can  achieve  its  rated  power  of  285  shp  at  lower 
rpm  by  increasing  the  inlet  manifold  pressure.  Each  of  these  turbocharged  aircraft 
was  noise  tested  at  2,600  rpm  (285  shp);  that  is,  derated  from  310  shp  at  2,700  rpm. 
This  trend  in  engine  modification  to  allow  lower  rpm  to  be  used  at  maximum 
continuous  power  is  evident  in  other  engir>e  models  being  produced  by  the  two  main 
suppliers  of  piston  engines  (Lycoming  and  Teledyne)  for  propeller  aircraft.  Geared 
piston  engines  have  been  mainly  limited  to  use  in  the  twin-engine  business  aircraft 
range,  such  as  the  Cessna  42 1 . 

Tables  shows  (approximate)  estimates  of  the  3-year  1979-1981  costs  of 
these  modifications  for  each  of  the  aircraft  identified  in  Table  2.  These  estimates 
are  based  on  average  monthly  aircraft  shipments*^  for  each  model  during  each 
calendar  year.  On  a  unit  cost  basis,  the  average  over  all  of  the  models  identified 
would  be  of  the  order  of  $300  per  aircraft.  This  does  not,  however,  include 
industry's  costs  of  performing  research  and  development  for  noise  control  purposes. 

A  new  concept  appears  in  the  Figures  2  and  3  presentations  which  has  not 
been  discussed  so  far.  This  is  the  use  of  "MNOP"  as  a  means  of  complying  with  the 
regulation.  MNOP  means  "Maximum  Normal  Operating  Power"  which  directly 
relates  to  the  FAR  requirement  that  noise  tests  be  performed  ".  .  .  at  not  less  than 
the  highest  power  in  the  normal  operating  range  provided  in  on  Airplane  Flight 
Manual,  or  in  any  combination  of  approved  manual  material,  approved  placards,  or 
approved  instrument  markings;  and  at  stabilized  speed  with  propeller  synchronized 
and  with  the  airplane  in  cruise  configuration  .  .  .",  etc. 

For  most  of  the  aircraft  models  currently  certificated  under  the  1 980  FAR  36 
noise  limits,  this  test  condition  is  close  to  or  identical  to  the  "maximum  continuous 
power"  which  was  the  condition  specified  in  the  earlier  (pre-1981)  ICAO  Annex  16 
regulations  for  noise  certification  tests  of  small  propeller-driven  aircraft. 
However,  for  those  aircraft  data  points  shown  in  Figures  2  and  3  as  "MNOP"  cases. 
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Table  3 


Estimate  of  Manufacturer's  Costs  of  Noise  Control 
(Cessna  Aircraft  Company,  Pawnee  Division  Aircraft) 


Total  Cost  1980  Dollars  (Thousands) 

Recurring 

3- Year 
Total 

Model 

Nonrecurring 

1979 

1980 

1981 

152 

488.0 

127.0 

90.0 

61 .0 

766.0 

RI72 

136.0 

62.0 

39.0 

15.0 

252.0 

ISO 

125.0 

30.0 

14.0 

7.0 

176.0 

182 

38.0 

171.0 

101. 0 

62.0 

372.0 

185 

5.0 

175.0 

133.0 

128.0 

441.0 

T206 

31.0 

- 

- 

- 

31.0 

T207 

39.0 

- 

- 

- 

39.0 

T2I0 

38.0 

- 

- 

- 

38.0 

337 

3.0 

- 

- 

- 

3.0 

Totals 

903.0 

565.0 

377.0 

273.0 

2,118.0 

J 


and  for  a  total  of  31  aircraft  models  in  the  current  production  fleet  which  comply 
with  FAR  Part  36  noise  limits  at  MNOP,  the  test  condition  was  at  a  power  setting 
below  maximum  continuous  power.  These  cases  fall  into  two  categories; 

a.  where  the  slxjft  horsepower  delivered  to  the  propeller  is  lower  than  that 
for  maximum  continuous  power,  and  at  the  some  rpm,  and 

b.  where  both  shaft  horsepower  cvid  r[>m  are  lower  than  for  maximum 
continuous  power. 

In  either  case,  MNOP  has  been  implemented  by  introduction  and  specification 
of  this  limitation  into  manuals,  placards,  and  instrumentation  panel  markings  for 
those  aircraft,  as  required  by  the  FAR  Part  36  test  conditions.  Clearly,  while 
significant  noise  reductions  are  achievable  at  a  reduced  rpm  condition,  this  also 
significantly  affects  the  operational  characteristics  of  the  oircraft.  The  MNOP 
modification  can  therefore  be  used  as  a  last  resort  for  complying  with  the  1980 
noise  limits.  It  can  also  reduce  operating  and  maintenance  costs. 

A  major  concern  regarding  the  use  of  MNOP  as  a  means  of  complying  with 
the  regulation  is  that  the  noise  test  conditions  become  further  divorced  from 
takeoff  power  conditions.  This  subject  is  discussed  in  Sections  2.2  and  4.0. 

In  summary,  industry's  response  to  the  noise  regulation  has  been  successful  in 
that  the  current  fleet  of  production  aircraft  meets  the  1980  noise  limits  for  flyover 
tests  at  "maximum  normal  operating  fxjwer,"  While  industry  set  out  at  on  early 
stage  to  follow,  and  experiment  with,  the  then-available  guidelines  for  noise 
control  by  design  procedures,  such  methods  were  essentially  abandoned  in  the 
mid-l970's  because  of  their  lack  of  accuracy  and  consistency.  Since  the 
mid-l970's  through  the  final  compliance  date  of  January  1,  1980,  significant 
success  has  been  achieved  in  modifying  some  of  the  aircraft  models  which  required 
noise  reductions  to  comply  with  the  regulation.  For  others,  the  concept  of  "MNOP" 
has  been  a  final  option,  applied  where  other  methods  of  noise  limitation  have  not, 
as  yet,  been  successful. 


2.2  Effect  of  Noise  Regulations  on  Noise  Levels  ArouKi  Airfields 

While  there  is  no  doubt  that  the  current  regulation  has  been  effective  in 
reducing  noise  emissions  from  aircraft  operating  at  maximum  normal  operating 
power,  there  has  been  some  concern  regarding  its  effectiveness  in  reducing  noise 
levels  in  the  immediate  vicinity  of  airfields.  This  concern  is  evident  by  the  current 
consideration  of  introducing  a  takeoff  noise  test  to  the  ICAO  Annex  16  regulation. 
In  very  recent  years,  various  individuol  and  collective  tests  have  been  performed  to 
evaluate  the  takeoff  noise  case.  In  1981,  GAMA  examined  such  cases  in  field  tests 
performed  by  its  (industry)  members. 

The  present  study  has  been  directed  towards  examining  takeoff  noise 
conditions  by  means  of  two  separate  methods: 

a.  Flight  tests  were  performed  at  Sunflower  Airfield,  Wichita,  Kansas, 
using  three  different  Cessna  Aircraft  models  in  flyover  noise  tests. 
These  tests  comprised  1,000  ft  level  flights  (similar  to  those  required  by 
the  existing  regulation),  takeoff  tests  commencing  from  a  brake  release 
runway  marker  position,  and  simulated  climbout  tests  in  which  each 
aircraft  performed  climbout  at  its  best  rate  of  climb  and  at  (speed 
for  best  rate  of  climb)  through  a  l,(X)0  ft  height  above  the  noise 
measurement  station(s). 

b.  Noise  certification  data  compiled  by  FAA  on  Forms  81 10-23  (1 1-76)  for 
some  90  aircraft  models  have  been  used  os  computer  data  input  to  a 
takeoff  noise  simulation  model.  These  input  data  for  eoch  aircraft 
comprise,  in  part. 

Maximum  certificated  takeoff  weight, 

D50,  rate  of  climb,  and  V^,  as  used  to  calculate  the  performance 
correction  in  FAR  Part  36  Appendix  F, 

Propeller  rpm  and  flight  speed  during  the  1,000  ft  height  flyover 
test, 

Engine  and  propeller  type,  and 

Measured  and  corrected  values  of  maximum  noise  level, 
dB(A),  averaged  for  the  flight  tests. 

The  use  of  these  data  in  the  noise  simulation  model  is  described  later.  First, 
the  flight  test  data  are  reviewed  for  information  concerning  relationships  between 
level  flyover  and  takeoff  condition  noise  levels. 
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2.2.1  Comparison  of  LA 


Values  for  Different  Flight  Modes 


Max 

A  full  description  of  the  flight  test  program  and  the  acquired  test  data  is 
given  in  Appendix  B  of  this  report.  In  this  section,  reference  is  made  to  the 
maximum  noise  levels  measured  during  each  of  the  test  flights  over  the  primary 
noise  measurement  station  located  at  8,200  ft  (2.5  km)  from  the  brake  release 
marker  and  on  the  extended  runway  centerline.  These  noise  data  and  their 
associated  aircraft  operating  parameters  are  shown  in  Table  4.  For  purposes  of 
direct  comparison,  the  maximum  noise  levels  are  also  shown  as  corrected  to  a 
reference  distance  of  1,000  ft,  using  inverse  square  law  to  account  for  the 
difference  in  spreading  loss  and  l.l  dB/1,000  ft  to  account  for  the  difference  in  air 
absorption  loss  (Reference  I  I)  between  the  test  and  reference  distances.  Finally, 
an  average  of  these  corrected  or  reference  levels  for  each  flight  mode  is  listed. 
Table  4(d)  summariies  the  test  data  in  the  format  of  average  values  for  all  flights 
for  which  height,  speed,  and  noise  level  data  were  available.  These  test  cases, 
shown  for  the  Models  402C,  T2I0N,  and  172P  in  Tables  4(a),  (b),  and  (c),  respec¬ 
tively,  indicate  a  very  significant  result  in  terms  of  the  relationship  between 
LAmoj^  propeller  tip  speed  in  both  takeoff  and  level  flyover  modes.  Most 
reported  experimental  data  show  a  direct  relationship  between  flyover  noise  level 
and  propeller  helical  tip  speed.  However,  such  data  are  typical  for  cases  where 
rotational  tip  speed  Vj  and  helical  tip  speed  V|_|  are  directly  proportional,  such  as 
in  a  series  of  level  flyovers  at  different  rpm  settings.  The  data  shown  in  Table  4 
ore  different  in  that 

a.  for  the  402C,  takeoff  Vy  is  higher  than  that  at  level  flyover,  but  V|_|  is 
lower, 

b.  for  the  T2I0N,  both  Vj  and  are  higher  at  takeoff  than  at  level 
flyover,  and 

c.  for  the  I72P,  both  Vj  and  Vj_j  are  lower  at  takeoff  than  at  level  flight 
conditions. 

The  variation  in  flight  conditions  allows  a  unique  examination  of  noise  level 
dependency  on  V-p  and  V|_j  separately  in  order  to  assess  the  viability  of  a  takeoff 
test  for  noise  certification. 

First,  examination  of  the  model  402C  data  (Table  4(a))  suggests  that  the 
reference  noise  levels  are  not  directly  related  to  V|_|.  That  is,  the  takeoff 
reference  noise  levels  are  higher  than  those  for  level  flight,  despite  a  reduction 
inVH- 


Table  4 


Summary  of  Flyover  Noise  Test  Data 
(Noise  Data  Measured  at  8,400  ft  (2.5  km)  from  Brake  Release 


j  Table  4(a);  Cessna  Aircraft  Model  402C 

Flight  Conditions 

Propeller  Speeds  (fps) 

Noise  Level,  LA 

Max' 

Fli^^t 

Height 

Tip 

Horiz.* 

Hel. 

Corr.  to 

Ave.  @ 

No. 

Mode 

rpm 

KIAS 

(ft) 

Vt 

''x 

Meas. 

1,000  ft 

1,000  ft 

1 

Level 

2,600 

188 

867.9 

327.9 

927.8 

81.5 

2 

tl 

II 

188 

905 

II 

tl 

It 

81.5 

80.5 

3 

II 

II 

188 

,049 

ft 

II 

II 

79.0 

79.0 

4 

M 

It 

187 

956 

It 

326.1 

927.1 

79.0 

78.6 

5 

II 

II 

188 

- 

It 

327.9 

927.8 

80.5 

- 

79.8 

6 

II 

tl 

185 

,000 

It 

322.6 

925.9 

81.0 

81.0 

7 

II 

II 

184 

,000 

It 

320.9 

925.3 

80.0 

80.0 

+0.9 

8 

II 

tl 

186 

,012 

It 

324.4 

926.5 

79.5 

79.6 

9 

II 

II 

185 

- 

II 

322.6 

925.9 

81.5 

- 

10 

T/0 

2700 

110 

- 

901.2 

191.8 

921.4 

83.0 

- 

II 

II 

II 

100 

- 

If 

174.4 

917.9 

84.0 

- 

■■ 

II 

II 

NO 

760 

If 

191.8 

921.4 

84.5 

81.9 

82.0 

n 

II 

II 

no 

875 

If 

fl 

tl 

82.0 

80.7 

14 

fl 

fl 

NO 

935 

II 

fl 

II 

83.5 

82.8 

+  1.0 

15 

tl 

If 

no 

790 

fl 

If 

»♦ 

85.0 

82.7 

w 

True  Forward  Velocity  (fps)  =  1.744  (Indicated  Airspeed,  KIAS)  at  test  site. 


21 


Table  4(b);  Cessna  Aircraft  Model  T2I0N 


Flight  Conditions 


Flight 

No. 


2700  100 

ft  ft 


^11 


Propeller  Speeds  (fps) 

Noise  Level,  LA 

Max*  ^S(A) 

Tip 

Horii. 

Hel. 

Corr.  to 

Ave.  'a) 

Vh 

Meas. 

1,000  ft 

1,000  ft 

942.5 

174.4 

958.5 

88.0 

86.1 

II 

tl 

II 

87.5 

81.6 

82.5 

II 

II 

II 

86.5 

81.9 

+2.5 

II 

tl 

If 

85.5 

80.5 

907.6 

272.1 

947.5 

79.0 

79.4 

t| 

291.2 

953.2 

81.5 

81.6 

79.5 

II 

289.5 

952.7 

78.5 

78.8 

+  1.5 

II 

289.5 

952.7 

78.0 

78.1 

942.5 

174.4 

958.5 

83.5 

82.7 

83.3 

It 

It 

ft 

83.0 

83.9 

+0.8 

Table  4(c):  Cessna  Aircraft  Model  I72P 


Fli^t 

No. 

Flight  Conditions 

Propeller  Speeds  (fps) 

Noise  Level,  dB(A) 

Height 

Mode  rpm  KIAS  (ft) 

Tip  Horiz.  Hel. 
Vt  Vx  Vh 

Corr.  to  Ave.  @ 

Meas.  1,000  ft  1,000  ft 

Table  4(d):  Summary 

Aircraft 

Flight 

Mode 

Height 

(ft) 

IIS 

IS 

Vh 

•-Amox* 

dB(A) 

No.  of 
Tests 

402C 

Level 

987 

868 

325 

WM 

79.8 

+0.9 

6 

T/0 

840 

901 

192 

82.0 

+  1.0 

4 

T2I0 

Level 

1,024 

908 

286 

952 

79.5 

+  1.5 

4 

T/0 

6k3 

942 

174 

958 

82.5 

+2.5 

4 

S/C 

1,007 

942 

174 

958 

83.3 

j^.8 

2 

I72P 

Level 

1,02b 

882 

208 

906 

75.1 

+0.3 

4 

T/0 

582 

793 

131 

804 

69.6 

+0.2 

4 

S/C 

1,038 

789 

131 

800 

68.9 

+  1.2 

2 

» 


Average  corrected  sound  level  at  1,000  ft  +i  standard  deviation 
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Second,  Figure  4,  where  the  overage  corrected  levels  from  Table  4(d)  are 
plotted  versus  tip  velocity,  suggests  that  the  reference  noise  levels  are  consistently 
related  to  rotational  tip  speed  Vj,  irrespective  of  flight  mode  (takeoff,  level  flight 
or  simulated  climb).  For  example,  for  both  the  402C  and  T2I0  data,  the  helical  tip 
speeds  were  nearly  identical  for  the  takeoff  and  level  flyover  conditions  whereas 
the  corresponding  noise  levels  differ  significantly,  and  seem  more  closely  related 
to  differences  in  rotational  tip  speed.  A  predictive  trend  of  this  relationship  is 
derived  from  Eq.(9)  in  Reference  I  I  for  correction  procedures  applicable  to 
propeller  noise  data,  using  Vj  instead  of  V^;  that  is. 


where 

LAmox  oc  KlogjoVy 

K 

365  log,Q(D/bQ  g)-268 

D 

propeller  diameter,  and 

^0.8  " 

propeller  blade  width  at  0.8  radius  (in  compatible  units). 

A  blade  width  of  5  inches  has  been  taken  as  a  typical  dimension  for  bQ  g, 


Further  studies  of  this  relationship  between  noise  level  and  propeller  tip 
speeds  would  provide  more  substantial  validation  of  the  above  findings. 

However,  the  above  findings  would  indicate  that  takeoff  noise  levels  will  be 
higher  than  those  measured  at  the  current  FAR  Part  36  conditions  if  higher 
propeller  rpm  is  used  for  takeoff.  This  latter  condition  does,  in  fact,  occur  for  a 
large  portion  of  the  propeller-driven  aircraft  fleet  which  depart  from  the  runway 
at  their  maximum  engine  rated  (5  minute  limited)  power  setting  and  rpm.  The 
exceptions  are  those  aircraft  with  fixed  pitch  propellers,  such  as  the  Cessna  I72P, 
which  typically  commence  their  takeoff  run  at  maximum  rpm,  and  climb  at  full 
power  and  at  a  climb  speed.  For  the  Cessna  172P,  this  climb  condition  is  at 
2420  rpm  at  a  pressure  altitude  of  2,000  ft.  The  rpm  is  then  increased,  for  such 
aircraft,  after  leveling  off  to  a  cruise  condition  at  maximum  normal  operating 
power. 

The  subject  of  takeoff  noise  levels  is  further  examined  by  application  of 
simulated  takeoff  conditions  to  each  of  a  wide  range  of  aircraft,  os  follows. 


u. 
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2.2.2  Simulated  Takeoff  Conditions  Applied  to  a  Range  of  Aircraft  Types 

A  data  base  of  information  on  noise-certificated  aircraft  models  has  been 
compiled  by  FAA  in  Form  81  10-23  (1  1-76)  os  illustrated  in  Table  5.^  All  of  the 
numerical  data  contained  in  these  tables  have  been  used  in  this  study  to  provide  a 
fleetwide  sample  of  cases  for  takeoff  simulation  evaluations.  In  addition,  for  each 
piston-engined  aircraft  with  a  variable  pitch  propeller,  reference  has  been  made  to 
published  engine  data  to  determine  the  maximum  rated  takeoff  power  and  rpm. 


This  resulting  information  has  been  compiled  as  an  Aircraft  Data  file  for 
computer  analysis.  Figures  5  and  6  show  the  corrected  and  measured  level  flyover 
noise  levels  for  this  fleet  of  aircraft  in  relation  to  their  maximum  certificated 
gross  takeoff  weights.  Aircraft  which  have  fixed  pitch  propellers  or  which  were 
tested  under  "MNOP"  conditions  of  reduced  power  are  separately  identified. 


For  takeoff  simulations,  the  flight  profile  has  been  assumed  to  consist  of  a 
ground  run  and  50  ft  obstacle  clearance  distance  corresponding  to  D^q>  followed  by 
a  maximum  rate  of  climb  depxirture  at  fli^t  speed.  This  climb  rate  is  assumed 
to  remain  constant  during  takeoff.  This  procedure  is  identical  to  that  used  in 
calculating  the  performance  correction  to  measured  noise  levels  in  FAR  Part  36 
Appendix  F. 


Figures  7  and  8  show  predicted  takeoff  r>oise  levels  of  ff*®  sample 

fleet  at  four  different  distances  from  brake  release. 


Figure  7  shows  the  predicted  flyover  noise  levels  that  would  occur  if  each 
aircraft  generated  a  1,000  ft  (reference)  noise  level  equal  to  that  measured  during 
the  FAR  Part  36  level  flight  test. 

Figure  8  shows  the  predicted  noise  levels  that  would  occur  if  each  aircraft 
has  a  takeoff  reference  noise  level  equal  to: 

LA^yjax  (Takeoff  at  1,000  ft) 

=  *“^/V\ax  measured)  +  ,  dB 

where 

A  =  K  log,Q  (V-py/Vyj),  dB 
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1980  FAA  Certification  Limit 


■:r  ® 


0  FIXED  FITCH  FROPELLEB 
A  TESTED  RT  HNOF 
4-  TESTED  RT  NCF  SINGLE  ENGINE 
O  TESTED  RT  HCF  THIN  ENGINE 


lb.  00  sb . 00  SO. 00  tq.oo  so. do  iio.oo 

MAXIMUM  TflKE-OFF  HEIGHT  .LBS.  *•10* 


130.00 


Figure  5.  FAR  Part  36  Appendix  F  Noise  Levels  for  FAA  Data  Base  Aircraft 

(measixed  levels  corrected  for  distance  to  1,000  ft  and  for  takeoff  performance) 


*^0.00  30. 00  SO.  00  70.00  90.00  UoToo  130.00 

MAXIMUM  TflKE-OFF  HEIGHT  .LBS.  "10* 


Figure  6.  Measured  Levels  for  FAA  Data  Base  Aircraft  (without  performance 
correction) 


SOUND  LEVEL  Lfl  (HflX)  .OB(fl)  SOUND  LEVEL  Lfl  (MAX)  .DBCA) 

60  70  80  90  100  >.50  60  7(3 _  80  _ M 


(a)  Distance  from  Brake  Release  -  6560  feet  (2.0  km) 


A  e  * 

'•  e 


□  FIXED  PITCH  PROPELLEB 
A  TESTED  RT  HNOP 
+  TESTED  RT  MCP  SINGLE  ENGINE 
O  TESTED  RT  MCP  TWIN  ENGINE 


0.00  30-00  SO. 00  70.00  90.00  tlO..OO 

MAXIMUM  TAKE-OFF  WEIGHT  ,LBS.  *<10* 


130-00 


(b)  Distance  from  Brake  Release  =  8200  feet  (2.5  km) 


♦ 


0  FIXED  PITCH  PROPELLER 
A  TESTED  RT  NNOP 
+  TESTED  RT  MCP  SINGLE  ENGINE 
O  TESTED  RT  MCP  TNIN  ENGINE 

I  9^.00  sb. DD  7b. DO  9b.  00 

MAXIMUM  TAKE-OFF  WEIGHT  .LBS. 


110.00  130-00 

NlO* 


Figure  7.  Predicted  Flyover  Noise  Levels  Underneath  Flight  Path  for  Takeoff 

Operations  at  Power  Settings  Corresponding  to  FAR  Part  36  Test  Conditions 


SOUND  LEVEL  Lft  (HflX)  .OB(fl)  SOUND  LEVEL  LP  (HRX)  .DB(R) 

60  70  80  90  100  _50  60  70  80  90 
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SOUND  LEVEL  Lfl  (HfiXl  .OB(fl)  _  SO_UND  LEVE^L  Lfi  (MfiX)  .DBjR) 


O 


o 


Figure  8.  Predicted  Flyover  Noise  Levels  Underneath  Flight  Path  for  Takeoff  Conditions 
at  Normal  (Maximum)  Takeoff  Power  Settings 
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SOUND  LEVEL  LR  (HRX)  .OB(R)  SOUND  LEVEL  LR  (HRX) 


(c)  Distance  from  Brake  Release  =  9840  feet  (3.0  km) 


flD 

O 


04 


4*  ♦ 


■  • 


4 

1(4  • 


-i 


JJ 


o 


□  FIXED  FITCH  FfICPELLEH 
▲  TESTED  AT  HNOF 
+  TESTED  AT  MCP  SINGLE  ENGINE 
O  TESTED  AT  NCP  THIN  ENGINE 


*^b.00  SO.  DO  sS^.OO  70.00  90.00 

HflXIMUH  TflKE-(3FF  MEIGHT  .LBS. 


110.00 

•*10* 


ISO. 00 


o 


VjY  =  Blade  tip  speed  at  maximum  tokeoff  rated  rjxn, 

Vji"  =  Blade  tip  speed  at  FAR  Part  36  test  rpm,  from  FAA 
Form  81 10-23,  and 

K  =  365  log,Q(D/bQ  g)-268 

In  each  of  these  figures,  the  1980  noise  limit  of  FAR  Part  36  Appendix  F  is 
shown  for  reference  purposes  only.  This  noise  limit  is  appropriate  only  for  the 
Fi^re  7  data  at  a  distance  of  1 1,430  ft  from  brake  release,  which  corresponds  to 
the  performance-corrected  noise  levels  of  FAR  Part  36  tests.  Some  of  the 
Figure  7  noise  levels  differ  from  the  corrected  certification  noise  levels  in 
Figure  5;  these  are  due  to  the  use  of  published  D^q  values  for  the  aircraft  in 
Figure  7,  instead  of  the  default  D^q  values  (2,000  ft  for  single-engined  aircraft  and 
2,700  ft  for  twin-engined  aircraft)  used  for  the  noise  certification  of  these 
aircraft. 

The  most  significant  feature  of  Figures  7  and  8  is  the  predicted  increase  in 
flyover  noise  levels  caused  by  accounting  for  higher  propeller  speeds  at  takeoff. 
The  Figure  8  data,  which  include  this  takeoff  rpm  effect,  indicate  that  noise  levels 
in  excess  of  85  dB(A)  may  be  expected  at  a  distance  of  up  to  2.5  km  (8,200  ft)  from 
the  brake  release  point  on  the  takeoff  runway.  Further  examination  of  this  con  be 
made  by  reference  to  measured  noise  data  obtained  at  a  noise  monitoring  station  at 
Torrance  Municipal  Airport,  California,  during  controlled  takeoff  tests  of  a  range 
of  aircraft  models.  These  are  discussed  in  Section  2.2.3.  The  FAA  has  also 
independently  computed  higher  takeoff  rwise  levels  in  its  Advisory  Circular  36-3b. 

2.2.3  Takeoff  Noise  Levels  Monitored  at  Torronce  Airport 

The  Torrance  Airport  noise  monitoring  program  continuously  evaluates  the 
maximum  A-weighted  sound  levels  of  departing  aircraft  events  at  two  monitoring 
sites  located  in  residential  areas  at  8,400  ft  from  brake  release  and  400  ft  sideline 
from  Runway  29R/I IL.  These  data  are  reported  annually  in  the  form  of  the  range 
of  measured  noise  levels  for  each  type  of  aircraft.  While  most  of  the  reported 
data  are  for  general  aviation  departures  which  do  not  conform  to  any  predeter¬ 
mined  noise  abatement  procedure,  a  specific  separate  data  base  has  been  estab¬ 
lished  by  means  of  "controlled"  tests.  These  controlled  tests  have  been  performed 
for  over  47  aircraft  types.  In  each  case,  the  aircraft  was  operated  at  or  near 
constant  gross  wei^t  and  within  a  time  span  (20  minutes)  which  ensured  relatively 
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constant  atmospheric  conditions.  The  data  base  for  controlled  tests  shows  two 
measured  noise  levels  for  each  aircraft,  the  higher  noise  level  being  measured  with 
the  aircraft  operated  using  the  pilot's  normal  takeoff  procedure,  and  the  lower 
noise  level  being  measured  when  the  same  aircraft  was  operated  using  the  pilot's 
best  noise  abatement  technique. 

Figure  9  shows  a  comparison  of  these  measured  control  I  ed-test  data  from  the 

Torrance  monitoring  system  with  takeoff  noise  levels  predicted  by  the  takeoff 

simulation  model  for  the  monitoring  station  location  (i.e.,  8,400  ft  from  brake 

release  and  400  ft  sideline  distance).  The  measured  data  are  designated  in  Figure  9 

by  vertical  bars;  the  top  of  the  bar  corresponds  to  the  level  measured  with  the 

pilot's  normal  takeoff  procedure  and  the  lower  noise  level  corresponds  to  that 

measured  for  the  noise  abatement  takeoff.  The  Figure  9  test  data  include  only 

those  aircraft  which  are  identified  in  the  Torrance  Airport  report  as  having  been 

12 

tested  in  accordance  with  FAR  Part  36  Appendix  F.  The  predicted  noise  levels 
are  based  on  applying  the  propeller  tip  speed  corrections  os  discussed  for  the 
Figure  8  data  to  the  certification  levels  to  simulate  takeoff  rpm  conditions. 

It  is  evident  in  this  comparison  that  the  highest  of  the  predicted  noise  levels 
are  typical  of  many  of  the  control led-test  results  obtained  by  normal  takeoff 
techniques.  The  maximum  measured  and  the  predicted  noise  levels  shown  in 
Figure  8  are  therefore  probably  representative  of  the  actual  levels  experienced  in 
areas  close  to  general  aviation  airfields,  for  example  in  the  range  of  2  km  to  3  km 
from  the  brake  release  point.  At  greater  distances,  such  as  at  the  3.5  km  location, 
it  is  unlikely  that  departing  aircraft  would  still  be  operating  at  maximum  rated 
takeoff  power.  In  many  coses,  a  height  of  1,000  ft  above  ground  level  would  hove 
been  reached  at  between  2.5  km  and  3  km  from  brake  release,  and  power  would 
have  been  reduced  to  that  recommended  for  en  route  climb  which  is  at  a  lower 
manifold  pressure  and  lower  rpm  than  for  takeoff  condition.  The  noise  levels 
shown  in  Figure  7  for  the  3.5  km  (11,430  ft)  distance  from  brake  release  are 
therefore  likely  to  be  more  representative  of  actual  noise  levels  at  this  distance. 

The  foregoing  analysis  of  noise  levels  under  the  takeoff  flight  path  of 
propeller-driven  small  airplanes  indicates  the  following: 

a.  In  many  cases  these  noise  levels  will  have  been  reduced  by  virtue  of 
noise  controls  implemented  to  meet  the  FAR  Part  36  regulation, 
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b.  Some  aircraft,  such  as  those  certificated  by  noise  tests  at  a  power 
setting  well  below  takeoff  and  maximum  continuous  power  (e.g.,  at 
MNOP),  will  cause  noise  levels  well  in  excess  of  the  rest  of  the  aircraft 
fleet,  and 

c.  Takeoff  noise  levels  in  areas  between  2  km  and  3  km  from  brake  release 
are  likely  to  be  in  excess  of  85  dB(A)  and,  in  some  cases,  as  high  as 
90  dB(A),  from  aircraft  currently  complying  with  FAR  Part  36  noise 
limits. 

2.3  The  Need  for  Noise  Control  of  Source 

2.3. 1  Noise  Impact  Near  General  Aviation  Airports 

The  primary  purpose  of  the  noise  abatement  regulatory  program  of  the  FAA 
is  to  provide  such  control  and  abatement  of  aircraft  noise  as  is  necessary  to 
protect  the  public  health  and  welfare. 

The  preceding  section  has  provided  one  perspective  for  the  relationship 
between  noise  certification  limits  and  the  actual  noise  levels  experienced  during 
takeoff  of  small  propeller  aircraft.  A  different  perspective  of  the  overall 
magnitude  of  noise  impwct  by  such  aircraft  is  provided  by  estimates  of  the  number 
of  p>eople  exposed  near  general  aviation  oirpxjrts  to  significant  noise  levels  from 
these  aircraft.  Such  estimates  are  presented  in  Appendix  D  in  suppxjrt  of  this 
discussion  on  the  need  for  noise  control  at  the  source.  This  very  brief  analysis, 
based  on  previous  studies  identified  in  the  appendix,  indicated  the  following  trends: 

1.  The  number  of  p)eople  exposed  to  noise  from  oir  carrier  opjerations 
reached  a  maximum  in  about  1970  and  has  decreased  subsequently  as 
the  very  significant  reduction  in  source  noise  for  new  wide  body 
aircraft,  and  a  corresponding  flattening  in  the  growth  of  operations, 
became  effective. 

2.  In  contrast,  the  number  of  people  exposed  to  noise  from  general 
aviation  aircraft  is  expected  to  continue  to  increase.  While  this  trend 
does  not  necessarily  reflect  the  current  introduction  of  quieter 
propellers  or  quieter  business  jets,  there  is  no  expectation  that  a  major 
reduction  in  source  noise,  compxirable  to  that  achieved  by  transition  of 
the  air  carrier  fleet  from  pure  jet  engines  to  low  and  then  high  bypass 
ratio  turbofan  engines,  can  be  expected  in  the  foreseeable  future  for 
the  general  aviation  fleet. 
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3.  The  total  txitional  noise  impact  of  general  aviation  aircraft,  as 
measured  by  the  number  of  people  exposed  to  noise  from  their 
operations,  is  much  less  In  magnitude  than  for  air  carrier  aircraft. 
Nevertheless,  it  is  expected  to  continue  growing  at  the  rate  of  the 
order  of  7  to  8  percent  per  year  for  each  of  the  next  10  years.  This  is 
comparable  to  the  anticipated  growth  rate  in  total  number  of  opera¬ 
tions  of  general  aviation  aircraft.  The  influence  of  introducing  quieter 
business  jets  and  quieter  p>ropeller  aircraft  will  be  partly  offset  by  the 
growth  in  number  of  operations  of  general  aviation  aircraft.  (There  is 
no  basis  for  a  lower  growth  in  operations  such  os  achieved  by  use  of 
wide-body  aircraft  in  the  air  carrier  fleet.)  Further,  the  population 
impacted  within  general  aviation  airport  noise  contours  will  tend  to 
increase  more  rapidly  than  the  area  within  such  contours.  This  is  due  to 
the  tendency  for  population  density  to  increase  with  distance  from  the 
airport  boundary,  in  the  immediate  airport  vicinity. 

A  closer  perspective  for  purposes  of  this  report  is  provided  by  a  rough 
estimate  of  that  portion  of  the  total  number  of  people  exposed  to  general  aviation 
aircraft  noise  which  is  attributable  to  operations  of  only  small  propeller  aircraft. 
Based  on  the  same  data  and  procedures,  it  was  estimated  that; 

o  About  50  percent  of  the  total  noise  impacted  area  (and  corresponding 
population)  exposed  to  noise  from  general  aviation  aircraft  is  due  to 
operations  by  small  propeller  aircraft.  (The  totol  area  within  the 
60  contour  for  all  general  aviation  airports  is  estimated  to  be  about  800 
square  miles  in  1980  and  the  corresjjonding  population  exposed  is 
estimated  to  be  at  least  130,000  people.  ) 

o  At  least  75  percent  of  all  general  aviation  airports  (currently  over 
14,000  in  number)  are  served  exclusively  by  such  aircraft. 

o  Of  the  remaining  general  aviation  airports,  small  propeller  aircraft 
generate  about  94  percent  of  the  operations  (i.e.,  single  noise  events) 
and  up  to  40  percent  of  the  contour  area. 


A  more  conservative  estimate  af  the  relationship  between  population  and  contour 
area  around  general  aviation  airports  would  indicate  a  total  population,  within  the 
Ldn  60  contour,  in  1980,  of  roughly  twice  this  value  which  is  in  approximate 
agreement  with  preliminary  results  of  a  current,  more  detailed  study  of  general 
aviation  noise  impact  undertaken  by  ERA. 
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In  3ummary,  while  the  total  magnitude  of  the  population  exposed  to  small 
propeller  aircraft  naise  is  much  less  than  for  air  carrier  aircraft,  the  noise  impact 
from  such  aircraft  is  still  significant  due  to  its  continuing  growth  rate,  its 
extensiver>ess  over  a  very  large  number  of  communities,  and  the  expected  higher 
ru>ise  sensitivity  of  people  in  relatively  quiet  communities  adjacent  to  small 
general  aviation  airports. 

As  illustrated  conceptually  in  Figure  10,  of  the  three  strategies  available  for 
reduction  of  noise  impact  arourxl  airports  (i.e.,  source  noise  control,  flight 
procedures  and  land  use  policies),  noise  source  control,  through  application  of 
technology,  is  central.  To  be  effective,  however,  such  source  control  must  be 
supported  or  implemented  through  some  sort  of  regulatory  process  -  aircraft  noise 
certification. 


Figure  10.  Conceptual  Illustration  of  the  Three  Basic  Strategies  Available  for  the 
Reduction  of  Airport  Noise  Impact 
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2.3.2  Noise  Control  by  Regulation 

There  ore  obvious  practical  linriitations  on  the  extent  to  which  the  regulatory 
process  con  enforce  noise  abatement  in  the  relatively  unconstrained  real  world  of 
public  usage  of  noisy  equipment.  It  is,  for  example,  true  of  aircraft  and  many 
other  types  of  equipment  that  reductions  (and  increases)  of  emitted  noise  can  be 
achieved  by  changes  to  the  system  design  and  by  changes  to  the  operating 
conditions  of  the  system  (such  os  by  change  of  speed  of  operation  or  mechanical 
power  loading).  These  potential  operational  methods  of  noise  abatement  cannot  be 
directly  controlled  by  the  regulatory  process.  In  some  cases,  however,  regulations 
to  enforce  compliance  with  safety  requirements  which  con  olso  provide  noise 
abatement  benefits  are  obviously  practical  and  economically  feasible. 

In  the  case  of  the  propeller-driven  small  aircraft  fleet,  considerable  flexi¬ 
bility  is  available  to  the  operators  of  these  aircraft  in  their  method  of  flight 
operation  near  and  around  airfields  and  in  their  en  route  travel  between  airfields. 
Much  of  this  availability  of  operational  margin  is  essential  for  safety  reasons,  and 
cannot  be  restricted  in  retrospect;  that  is,  subsequent  to  aircraft  design  and 
certification.  It  was  shown  in  Section  2.2  that  the  maximum  noise  emission  mode 
of  small  propeller  aircraft  is  usually  at  maximum  tokeoff  power  (except,  possibly, 
for  fixed  pitch  propeller  aircraft). 

As  suggested  by  the  following  sketch,  the  selection  of  climb  rate  after 
departure  from  a  runway  is  within  the  broad  discretion  of  the  pilot,  ranging  from 
maximum  speed,  minimum  safe  angle  of  climb,  to  maximum  angle  of  climb  and  a 
minimum  safe  power  reduction  at  a  safe  altitude. 


Simplified  Illustration  of  Range  of  Takeoff  Profiles  Available  for  Propeller-Driven 
Small  Aircraft. 
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These  alternative  takeoff  procedures,  when  carried  out  over  a  populated 
area,  produce  essentially  the  some  amount  of  noise  output  from  the  aircraft 
(because  they  ore  carried  out  at  the  same  propeller  rpm  and  same  horsepower),  but 
will  produce  greatly  different  levels  of  noise  of  ground  level  because  of  the  large 
differences  in  aircraft  height  during  overflight.  Illustrative  examples  of  these 
variances  in  noise  level  have  been  shown  in  the  Figure  9  presentation  of  controlled 
tests  at  Torrance  Airport.  Variations  in  excess  of  20  dB  in  monitored  noise  levels 
are  reported  in  the  Torrance  report  for  general  usage  coses  of  aircraft  departures 
on  a  straic^t-out  flight  path.  Any  case  for  noise  controls  to  be  implemented  at 
the  source  would  seem  to  be  compromised  by  such  large  noise  level  variations 
caused  by  user  modes  of  aircraft  operation.  However,  the  real  case  for  source 
noise  control  is  that  it  should  limit  the  maximum  noise  emission  of  the  aircraft, 
irrespective  of  the  user's  method  of  operation.  This  would  require  that  aircraft  be 
tested  in  their  noisiest  mode  of  operation  and  comply  with  noise  limits  appropriate 
to  that  mode.  This  makes  a  strong  case  for  requiring  a  takeoff  noise  test  for  most 
propeller  aircraft  as  discussed  in  more  detail  in  Section  4. 
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3.0  ASSESSMENT  OF  NOISE  CONTROL  TECHNOLOGY 

3.1  Overview  of  the  Stote-of-fhe-Art  in  Noise  Control 

3.1.1  Genaral 

This  overview  is  directed  toward  identifying  the  state-of-the-art  in  source 

noise  controls  applicable  to  propeller-driven  small  aircraft  which  are  required  to 

comply  with  the  FAR  Part  36  Appendix  F  noise  limits.  Figure  II  provides  an 

overview  of  the  growth  in  number  of  such  aircraft  in  the  general  aviation  fleet. 

Figures  12  and  13  illustrate  how  the  current  fleet  is  distributed  according  to 

1 3 

maximum  takeoff  weight  and  horsepower,  respectively. 

From  Section  2.2,  it  is  clear  that  for  most  propeller-driven  aircraft,  the 
dominant  source  of  noise  is  the  propeller,  and  the  maximum  A-weighted  noise  level 
during  takeoff  is  controlled  primcrily  by  the  blade  rotatiorKil  tip  Mach  number. 
Various  attempts  have  been  made  to  rationalize  the  relationships  between  A- 
wei^^ted  noise  level,  propeller  blade  tip  speed,  and  blade  geometric  foctors,  either 
for  purposes  of  correcting  noise  levels  obtained  ot  off-reference  flight  test  condi¬ 
tions,**’  *^*  *^  or  to  establish  basic  design  guidelines  for  the  oircraft 
industry.*^’  Further  reference  to  these  relationships  is  made  in  Section  3.2 

of  this  report.  In  this  overview,  the  emphasis  is  placed  on  reviewing  the  concepts 
of  design  technology  which  provide  reductions  of  propeller  blade  tip  speed  and 
thereby  provide  substantial  reduction  in  noise  level.  The  basic  technical  problem  in 
achieving  noise  reductions  is  that  of  optimizing  the  propeller  design  to  achieve  the 
required  aerodynamic  performance  at  the  lowest  practical  tip  speed,  and  with 
minimum  associated  penalties  in  weight  and  cost.  The  difficulty  in  achieving  this 
optimum  design  is  to  some  degree  compounded  by  a  lack  of  knowledge  on  which 
blade  design  details  are  the  most  significant  in  controlling  the  mid-frequency 
content  (which  dominates  the  A-weic^ted  level)  of  propeller  noise.  These  details, 
such  os  blade  and  blade-tip  thickness,  tip  planform,  airfoil  section,  activity  factor, 
etc.,  influence  the  performance,  weis^t,and  structural  integrity  of  the  propeller  to 
an  extent  that  the  number  of  variables  in  the  optimization  process  can  become 
unmanageable.  This  is  especially  the  cose  when  the  real  noise  benefits  and 
penalties  of  each  detail  are  not  yet  quantifiable  with  confidence. 

The  traditional  approach  to  this  optimization  has  therefore  been  by 
reference  to  available  and  proven  propeller/engine  configurations,  based  on  the 
selection  of 
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Figure  12.  Distribution  of  U.S.  General  Aviation  Fixed  Wing  Aircraft 
Fleet  According  to  Maximum  Takeoff  Weight  (from  1980  FAA 
Statistical  Data) 


HorMpowor 

Figure  13.  Distribution  of  U.S.  General  Aviation  Fixed  Wing  Aircraft 

Fleet  According  to  Horsepower  (from  1980  FAA  Statistical  Data) 
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c: 


o  Propeller  diameter 
o  Number  of  blades 

o  Blade  activity  factor 

o  Propeller  rpm 

o  Propeller  thrust  and  power  coefficient 

o  Weight  limits 

to  give  the  lowest  practicable  tip  speed  which  still  provides  the  required  aircraft 
performance.  More  recently,  this  design  procedure  has  included  the  selection  of 
blade  tip  plonform,  usually  elliptical,  as  a  potential  noise  reduction  detail.  This  has 
a  small  but  predictable  effect  on  aerodynamic  performance,  but  its  real  effect  on 
on  aircraft's  flyover  noise  level  is  seldom  known  until  it  has  been  tested  on  the 
aircraft.  According  to  industry  sources,  the  consensus  of  test  results  shows  that 
the  elliptical  tip  shape  is  very  seldom  detrimental  to  noise  levels  and  is  sometimes 
beneficial. 

While  the  above  procedure  may  not  provide  the  ultimate  possible  benefit  in 
noise  reduction,  it  is  regarded  os  being  close  to  the  practical  state-of-the-art. 

Other  options,  involving  changes  to  blade  detail  which  differ  radically  from 
the  proven  hardware,  are  regarded  currently  as  advanced  propellers.  These  will 
require  extensive  testing  to  firmly  establish  their  noise  reduction  potential, 
aerodynamic  performance,  structural  integrity  and  endurance  in  operational 
conditions.  The  advanced  blade  studies,  based  on  refined  theoretical  modes  of 
propeller  noise  sources,  predict  considerable  benefits  from  the  use  of: 

o  Blade  and  tip  thickness  reductions 

o  More  efficient  airfoil  sections 

o  Blade  sweep 

o  Blade  plonform  and  loading  changes 

o  Proplets  to  simulate  duct  elements, 

o  New  engine  developments 

Each  of  the  design  concepts  mentioned  above  is  further  discussed  with 
regard  to  its  application  to  three  classes  of  light  propeller-driven  aircraft. 

3.1.2  Single  Piston-Engined  Aircraft 


Tabled  contains  a  listing  of  several  example  aircraft  of  the  small  single 
engine  class.  The  information  in  this  table  is  presented  as  a  means  of  charac¬ 
terizing  the  physical  features  of  the  power  plants,  propeller  and  gear  ratio  for 


Tabled 

Power  Plant  Features  of  Some  Example  Single  Piston-Engined  Propeller  Aircraft 


xed  Pitch.  CS  =  Constant  Speed. 


current  examples  of  this  class  of  airplane.  A  number  of  different  manufacturers 
produce  airplanes  in  the  150  to  300  hp  range  and  some  have  several  different 
models.  No  attempt  is  mode  in  the  preparation  of  Table  6  to  include  all  current 
operational  airplanes  in  that  class. 

These  airplanes  have  horizontally  opposed  four-  or  six-cylinder  engines 
which  operate  in  the  range  of  2400  to  2800  rpm.  The  propellers  are  generally  fixed 
pitch  (FP)  for  the  smaller  models  and  variable  pitch  or  constant  speed  (CS)  for  the 
larger  models.  Propeller  sizes  typically  vary  from  6.17  ft  to  6.83  ft  in  diameter, 
have  either  two  or  three  blades,  and  are  direct  drive.  A  notable  exception  is  the 
high  performance  Bellanca  Skyrocket,  which  has  a  higher  flight  speed,  a  more 
powerful  engine,  a  larger  propeller,  and  employs  a  geared  drive  with  a  0.667  gear 
ratio. 

Many  airplanes  of  the  class  illustrated  in  Table  6  have  been  modified  to 
reduce  propeller  tip  speed  for  noise  reduction  either  by  changes  to  the  propeller 
geometry  or  to  the  engine  operating  conditions.  The  various  approaches  used  to 
reduce  tip  speed  or  in  conjunction  with  a  tip  speed  reduction  are  described  below. 

Reduced  Diometer  -  A  reduction  in  propeller  diameter  by  clipping  the 
propeller  blades  or  by  using  a  smaller  diameter  propeller  is  a  convenient  way  to 
reduce  tip  speed  while  maintaining  the  same  engine  rpm  and  power  characteristics 
in  order  to  absorb  the  full  power  available  from  the  engine.  The  activity  factor  of 
the  propeller  is  increased  either  by  the  widening  of  the  blades  or  by  the  addition  of 
more  blades. 

Increased  Number  of  B lodes  -  The  addition  of  more  blades  to  the 
propeller  is  almost  always  useful  in  reducing  the  blade  passage  harmonic  noise 
because  of  the  beneficial  destructive  interference  that  occurs  within  the  propeller 
disc.  For  example,  a  doubling  of  the  number  of  blades  results  in  a  halving  of  the 
number  of  blade  passage  frequencies,  and  those  that  remain  have  about  the  same 
levels.  Such  a  result  is  more  effective  at  the  lower  tip  speeds  for  which  the  lower 
order  harmonics  dominate  the  spectra.  Hence,  an  increase  in  the  number  of  blades 
is  of  greatest  value  when  accompanied  by  a  reduction  in  tip  speed. 

There  is  a  practical  limit  to  the  number  of  blades  which  can  be  retrofitted 
to  a  small  airplane  because  of  the  increased  weight  and  complexity.  The  weight 
increase  can  cause  fore  and  aft  balance  problems  and  a  reduction  in  payload. 


Multiblade  (three,  four,  five,  and  ei^t  blades)  propellers  with  variable  pitch 
mechanisms  have  been  successfully  operated  on  larger  aircraft  and  thus  the 
engineering  designs  ore  current  state-of-the-art. 

Reduced  Engine  rpm  -  A  reduction  in  engine  rpm  with  the  associated 
decrease  in  propeller  rpm  is  o  very  convenient  approach  to  obtaining  a  propeller  tip 
speed  reduction  for  noise  control  purposes.  The  associated  reduction  of  engine 
power  available  can,  in  some  cases,  be  compensated  for  by  an  increase  in  the 
manifold  pressure  of  the  engine,  if  proper  provisions  have  been  mode  in  the  engine 
component  designs.  A  more  popular  c^jprooch  is  to  use  a  larger  engine  than 
normally  required  and  operate  it  in  a  derated  condition.  A  side  benefit  of  this 
approach  is  that  the  reserve  power  is  readily  available  for  emergency  use. 
Disadvantages  ore  increased  initial  cost  and  weight. 

Preferred  Blode  Geometry  -  Such  blade  geometry  parameters  as  tip 
planform,  surface  roughness,  airfoil  section,  and  activity  factor  appear  to  have 
only  second  order  effects  on  the  noise  of  current  propellers.  Tip  planform  is  judged 
not  to  be  significant  except  os  it  influences  the  spanwise  aerodynamic  loading  on 
the  blade  and  the  tip  thickness.  Less  noise  would  probably  result  from  o  blade 
which  carries  a  lower  tip  loading. 

Surface  roughness,  which  tends  to  increase  with  service  life,  is  believed  to 
have  a  small  detrimental  effect  on  both  noise  and  performance.  The  implication  is 
that  the  use  of  a  wear-resistant  material  on  blade  surfaces,  or  the  replacement  of 
old  blades,  would  give  some  positive  results. 

Improved  airfoil  sections,  particularly  those  involving  more  camber  than 
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airfoils  in  common  use,  show  promise  of  performonce  improvement.  Of 
particular  significance  is  the  possibility  of  improving  the  aerodynamic  efficiencies 
of  the  thicker  inboard  sections  which  operate  at  the  lower  Reynolds  numbers. 
Thinner  tip  sections  ore  effective  in  reducing  the  thickness  noise  component 
particularly  at  tip  speeds  in  the  supercritical  range. 

Increasing  the  activity  factor  of  a  propeller  is  sometimes  necesscry  when 
tip  speed  is  reduced.  Either  an  increased  number  of  narrower  blades  or  the  same 
number  of  wider  blades  will  usually  result.  Wider  blades  are  likely  to  have  thicker 
tip  sections  and  thus  have  increased  thickness  noise.  This  is  usually  of  secondary 
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importance  at  tip  Mach  numbers  up  to  about  0.75,  whereas  at  somewhat  higher 
Mach  numbers,  thickness  noise  can  dominate.  A  reduction  in  blade  chord,  as  in  the 
case  of  more  but  smaller  blades,  implies  on  increase  in  trailing  edge  and 
woke-reloted  noise  components.  The  result  is  a  peaking  at  higher  frequencies  of 
the  broadband  components. 

The  net  effects  of  such  blade  geometry  changes  as  those  described  above 
are  to  produce  modest  improvements  in  performance.  An  increased  performance 
margin  is  then  useful  in  the  process  of  trading  off  performance  losses  for  noise 
improvements. 

Noise  control  in  the  future  is  expected  to  involve  all  of  the  items  of 
current  technology  described  above,  as  well  as  some  additional  design  improve¬ 
ments  that  will  become  available  in  the  decade  of  the  80's.  The  key  to  future  noise 
control  is  the  rapidly  developing  ability  to  more  exactly  predict  both  the 
performance  and  the  generated  noise  so  that  optimized  designs  can  be  defined. 
Optimization  is  expected  to  include  the  fuselage  and  engine  cowl,  and  their  effects 
on  the  front  end  flow  field,  as  well  os  the  propeller  and  engine.  Some  concepts 
that  will  probably  be  considered  are  included  below. 

Increased  Inboard  Loading  -  The  concept  of  moving  the  load  distribution 

away  from  the  blade  tips  can  be  shown  analytically  to  be  beneficial  for  noise 
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control.  In  order  for  this  concept  to  be  effective,  several  features  of  the  power 
plant  airframe  combinations  need  to  be  considered.  For  instance,  the  inboard 
sections  of  the  advanced  propellers  need  to  work  harder  than  do  those  of  the 
present  configurations.  This  implies  the  need  for  improved  airfoil  sections  that 
will  operate  effectively  at  these  lower  Reynolds  numbers.  It  also  implies  a 
minimum  of  fuselage  blockage  effects  in  the  region  of  the  engine,  and  a  need  for 
radial  symmetry  of  the  front  end  engine  cowl  geometry. 

Inclusion  of  Blode  Sweep  -  Sweep  has  been  shown  to  be  very  useful  in 
noise  control  for  high  speed  propfans,  helicopter  rotors,  and  axial  flow  compressor 
blades.  Similar  trends  are  anticipated  for  lower  speed  propellers  although  the 
amount  of  noise  reduction  will  be  generally  small  at  the  lower  blade  tip  speeds. 
For  asymmetrical  inflows,  however,  as  occur  on  many  of  the  current  aircraft  due 
to  cowl  blockage  effects,  the  benefits  could  be  substantial  even  at  the  lower  tip 
speeds.  Accurate  analytical  methods  for  predicting  propeller  noise,  which  are 


becoming  available,  can  be  applied  to  the  modification  of  current  confi^ration- 

critical  designs  as  well  os  to  new  designs.  In  order  to  minimize  the  stress  problem, 

it  is  anticipated  that  swept  blade  designs  will  incorporate  swept  forward  inboard 

sections  and  swept  back  outboard  sections  os  has  been  found  beneficial  for  propfan 
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and  axial  flow  compressor  blades. 

Inclusion  of  Proplets  -  Proplets  are  devices  that  resemble  small  end 
plates  and  look  much  the  same  os  if  the  blade  tip  was  bent  backward  into  the  plane 
of  the  propeller  disc.  Such  devices  are  a  fraction  of  a  chord  length  in  dimension 
and  may  extend  to  the  pressure  side  of  the  blade  as  well  as  to  the  suction  side. 
They  can  be  shown  analytically  to  be  useful  for  improving  the  aerodynamic 
performance  of  a  propeller  operating  at  a  given  diameter  and  rpm.  These  devices 
permit  the  loading  up  of  the  outboard  sections  and  thus  do  not  directly  produce 
noise  reduction.  They  do,  however,  provide  a  performance  margin  which  may  be 
traded  off  against  noise  reduction. 

The  practicality  of  proplets  has  not  been  evaluated  from  the  standpoint  of 
durability  and  safety.  However,  the  availability  of  new  high  strength-to-weight 
ratio  structural  materials  such  as  composites  is  expected  to  enhance  the  potential 
for  their  effective  application. 

New  Materials  -  The  availability  of  such  composite  materials  for 
propeller  blades  will  also  make  possible  lighter  weight  propellers  and  will  also 
encourage  the  application  of  such  concepts  as  blade  sweep,  inboard  loading, 
increased  camber  and  proplets  in  the  new  designs.  Furthermore,  these  newer  high 
strength  to  weight  ratio  composite  materials  can  also  be  incorporated  in  the 
overall  aircraft  airframe,  such  os  recently  demonstrated  for  the  Lear  (Pusher) 
prop-fan.  The  net  effect  of  such  concepts  could  be  improved  takeoff  performance 
resulting  in  lower  takeoff  noise  levels. 

Inclusion  of  Gear  Reduction  -  The  use  of  gear  reduction  in  order  to 
control  the  speed  of  the  propeller  without  sacrificing  engine  performance  is  an 
attractive  possibility.  Its  advantage  is  that  it  can  provide  a  better  match  between 
the  engine  and  a  low  noise  propeller.  Current  data  on  engine  installations  suggests 
that  gear  reductions  are  not  in  use  on  reciprocating  engines  with  less  than  a  300  hp 
rating.  Extending  their  use  to  lower  powered  systems  will  probably  be  considered 
os  on  alternative  to  the  use  of  oversized  derated  engines  in  future  aircraft. 
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3.1.3  Twin  Piston-Engined  Aircraft 

The  problem  of  flyover  noise  control  at  the  source  for  twin  piston-engined 
aircraft  is  very  similar  in  all  respects  to  that  for  single  piston-engined  aircraft.  In 
concept,  twin-engine  aircraft  of  this  class,  examples  of  which  are  listed  in  Table  7, 
have  two  power  plants  of  the  same  types  os  are  commonly  installed  in  single¬ 
engine  aircraft.  Their  similarities  can  be  recognized  by  comparing  the  data  of 
Tables  6  and  7. 

Most  of  these  aircraft  have  horizontally  opposed  four-  or  six-cylinder 
engines  in  the  range  160  to  310  hp.  The  propellers  are  generally  constant  speed 
(variable  pitch)  with  a  full  feathering  (FF)  capability.  They  vary  in  size  from  6.33 
to  6.67  ft  in  diameter,  have  either  two  or  three  blades,  and  are  direct  drive.  An 
exception  is  the  Beech  Queen  Air  which  has  a  380  hp  engine  with  7.9  ft  diameter 
geared  and  synchrophased  propellers.  As  in  Table  6,  no  attempt  is  made  to  include 
all  manufacturers'  products  nor  to  include  a  complete  listing  of  current  models. 

The  discussions  previously  directed  to  the  single  piston-engine  aircraft  with 
regard  to  current  state-of-the-art  and  future  trends  in  power  plant  noise  control 
are  fully  applicable  also  to  twin-piston  engine  aircraft. 

An  additional  factor  which  can  affect  the  for  field  noise  of  twin-engine 
aircraft  is  the  phasing  of  the  propellers.  Synchrophasing  equipment  is  available  for 
accurately  controlling  the  relative  angular  blode  positions  of  the  two  propellers. 
This  type  of  equipment  is  used  primarily  for  reducing  the  beat  frequency  variations 
in  interior  noise  levels,  which  can  be  of  the  order  of  5  to  10  dB  in  some  aircraft. 
By  locking  phase  position,  the  lowest  level  can  be  maintained  steady  with  time  at 
any  particular  location,  the  result  being  an  elimination  of  these  noise  level 
variations. 

Synchrophasing  has  limited  value  for  for  field  noise  control  because  when 
noise  is  minimized  at  one  location  it  is  maximized  at  another.  It  is,  however,  a 
mechanism  whereby  the  noise  levels  on  the  ground  track,  or  on  a  line  parallel  to 
the  ground  track,  can  be  minimized.  It  therefore  has  serious  implications  in  noise 
certification  testing.  One  example  of  <nomalous  behavior  in  ground  measurements 
attributable  to  phasing  of  twin  propellers  is  considered  later  in  Section  4.2.1.  Note 
that  the  use  of  synchrophasing  has  no  implications  relative  to  performance,  except 
insofar  os  some  extra  weight  and  complexity  may  be  involved. 


Table  7 

Power  Plant  Features  of  Some  Example  Twin  Piston-Engined  Propeller  Aircraft 


3. 1 .4  Twin  Turbine  Engine  Propeiter  Aircraft 

Power  plant  features  of  some  example  twin  turbine  engine  aircraft  are 
shown  in  Toble  8.  In  contrast  to  twin-piston  engine  aircraft,  the  twin  turbine 
engine  aircraft  generally  have  more  powerful  engines,  larger  diameter  propellers, 
geared  drives,  and  propeller  reverse  pitch  (RP)  capabilities.  They  also  tend  to 
cruise  at  higher  air  speeds.  The  need  for  reduced  tip  speeds  for  noise  control,  and 
the  available  approaches  for  recovering  aerodynomic  performance  at  the  lower  tip 
speeds,  are  os  equally  valid  as  for  piston  engine  powered  aircraft.  Turbopropeller 
power  plants,  because  of  their  design,  inherently  include  several  known  noise 
control  features.  For  instance,  geared  drives,  which  ore  an  integral  feature  of 
turbine  power  plants,  can  be  used  to  optimize  the  match  between  the  engine  and 
the  propeller.  Likewise,  there  is  usually  a  relatively  clean  nocelle  configuration 
with  a  minimum  of  downstream  nacelle  blockage.  This  should  result  in  more 
uniform  blade  loads  as  a  function  of  blade  position  and  thus  less  noise  due  to  load 
fluctuations.  Finally,  the  engine  exhaust  has  had  most  of  its  energy  removed  and 
hence  exhaust  noise  is  not  a  significant  component  for  any  operating  condition. 

Evidence  of  this  general  trend  in  lower  noise  levels  for  turboprop  aircraft 
is  quite  apparent  from  the  data  shown  earlier  in  Figure  2,  the  lower  portion  of 
which  is  repeated  herein  as  Figure  14. 


Figure  14. 


Illustration  of  the  General  Trend  Towards  Lower  Noise  Levels  for 
Turboprop  Aircraft  vs  Piston  Engine  Aircraft  (from  Figure  2). 


The  average  certification  noise  levels  in  1980  for  two-engine  turboprop 

oircrof  t  is  about  75  dB(A)  while  the  corresponding  level  for  two-engine  piston 

propeller  aircraft  is  about  78  dB(A)  -  3  dB  hi^er.  Available  data  comparing  sound 
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exposure  levels  at  1,000  ft  for  these  type  of  aircraft  ’  indicates  a  comparable 
trend.  The  actual  difference  was  closer  to  about  5  dB,  perhops  reflecting  the 
somewhat  smaller  duration  correction,  and  hence  lower  sound  exprosure  level,  due 
to  the  hi^er  flight  speed  of  turboprop  aircraft. 

Available  noise  and  performance  prediction  technology  is  probably  most 
valid  for  the  relatively  clean  installations  of  turbine  power  plants.  These 
prediction  capabilities,  plus  the  developing  materials  and  fabrication  technologies, 
will  enhance  the  future  application  of  advanced  noise  control  concepts.  The 
inclusion  of  blade  sweep,  the  inclusion  of  synchrophasing,  the  use  of  highly 
cambered  sections,  and  provisions  for  moving  the  blade  loading  inboard,  are 
expected  developments  in  the  near  future. 

The  continued  trend  toward  hi^er  cruise  speeds  at  high  altitude  will  be 
constrained  by  helical  tip  Mach  number  limits  for  reasons  of  performance  and 
interior  noise.  Any  helical  tip  Mach  number  constraints  due  to  such  high  oltitude 
requirements  will  inherently  result  in  noise  control  benefits  for  low  altitude,  low 
forward  speed  operations. 

3#2  Applicotion  of  Existing  Technology 

Most  applications  of  rraise  reduction  methods  to  meet  current  FAR  Part  36 
Appendix  F  noise  limits  (in  the  1000  ft  flyover  mode)  have  focused  on  a  trade-off 
analysis  between  a  range  of  available  propellers.  An  example  of  this  form  of 
analysis,  which  was  performed  by  Cessna  Aircraft  Company  for  purposes  of  the 
present  study,  is  shown  in  Appendix  C.  In  each  case,  the  propeller  was  limited  to  a 
Clark  Y  or  RAF  6  airfoil  section  arxl  parametric  changes  involved  selection  of 
diameter,  activity  factor,  and  blade  number  for  each  of  three  (engine-compatible) 
values  of  rpm.  The  available  shaft  horsepower  was  assumed  to  be  absorbed  by  each 
propeller  at  maximum  takeoff  rpm. 

The  resulting  noise  level  estimate  for  each  combination  of  parameters  was 
obtained  by  means  of  empirically  derived  equations  based  on  Cessna's  data  base  for 
noise  certificated  aircraft. 
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As  shown  in  Figure  15,  a  basic  unique  "carpet-plot"  graph  relating  noise 

# 

level  with  propeller  diameter  and  activity  factor  can  be  established  for  each 
selected  combination  of  blade  number  and  rpm  (at  maximum  continuous  power). 
Resultant  operational  parameters,  such  as  takeoff  distance,  can  be  superimposed 
on  eoch  graph,  as  shown  in  the  example  case  in  Figure  16.  The  selection  of  a 
maximum  takeoff  distance  of  2,400  ft,  for  example,  together  with  a  maximum 
noise  level  of  80  dB(A),  limits  the  available  envelope  of  propeller  selection  to  that 
shown  by  the  shaded  area  of  the  graph.  Other  performance  parameters,  such  os  sea 
level  rate  of  climb,  range,  cruise  speed,  and  time  to  climb  (to  cruise  level),  were 
similarly  evaluated  as  illustrated  in  Figures  17  and  18. 

The  above  trade-off  analyses  were  performed  for  three  example  propeller 
aircraft:  a  single-piston  engine  model  of  3,800  lb  maximum  takeoff  weight,  a  twirv 
piston  engine  model  of  6,350  lb  maximum  takeoff  weight,  and  a  twin  turbine 
powered  oircraft  of  9,850  lb  maximum  takeoff  weight. 

Tables  9  through  1 1  show  comparisons  of  operational  characteristics  for 
each  of  these  respective  models  based  on  achieving  noise  certification  levels  below 
their  current  rx>ise  limit  of  80  dB(A)  at  1,000  ft  flyover.  The  baseline  (current 
design)  case  parameters  are  shown  for  reference  purposes. 


Examination  of  Table  9  for  the  single-engined  aircraft  shows  that  a  3  dB 
noise  reduction  is  attainable  by  reduction  of  propeller  diameter,  increase  of  blade 
activity  factor,  and  reduction  in  rpm.  The  primary  resulting  penalty  is  shown  to  be 
in  the  attainable  rote  of  climb,  due  to  reduction  in  the  thrust  margin  available  for 
climb  at  V^.  This  performonce  penalty,  combined  with  the  increase  of  for  best 
rate  of  climb,  would  result  in  takeoff  climb  angles  being  reduced  by  more  than 
40  percent  (relative  to  the  baseline  case).  Noise  levels  under  the  takeoff  flight 
path  would  therefore  be  expected  to  increase  above  the  baseline  levels  for  takeoff 
by  more  than  4dB  due  to  this  reduction  in  angle  of  climb  alone  (that  is,  if  the 
takeoff  noise  level  at  1,000  ft  was  identical  to  that  at  FAR  Part  36  Appendix  F 
conditions).  However,  the  takeoff  noise  would  then  be  at  least  5  dB  higher  than  for 
level  flyover  due  to  the  higher  propeller  speed  (2,700  rpm)  during  takeoff.  Thus, 
while  the  tradeoff  for  1,000  ft  level  flyover  noise  reduction  seems  practical,  there 
would  be  a  significant  offsetting  penalty  in  takeoff  noise  levels  under  the  departure 
flight  path. 


1.0 


Activity  factor  (AF)  =  ^  ^  .  x^  .  dx,  where  b  is  blade  section  width, 

D  is  diameter,  and  x  is  the  section  radius  as  o  proportion  of  tip  rodius.  AF  is  a 
measure  of  blade  solidity  arxl  of  the  blade's  capacity  to  absorb  power. 
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Figure  15.  Corpet  Plots  Relating  Noise  Level,  Propeller  Diameter,  Activity  Factor, 
Number  of  Blades,  and  rpm  at  Maximum  Continuous  Power  (data  provided 
by  Cessna  Aircraft  Company) 
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441.  3  BLADF.0  PROP,  lOBORPM 
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(a)  T210,  3  Blades,  2500  rpm 
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Figure  17.  Illustration  of  Dependence  of  Climb  Rote  and  Time  to  Climb  on  Noise 
Control  Parameters 
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Figure  18.  Illustration  of  Dependence  of  Range  ond  Cruise  Speed  on  Noise 
Control  Parameters 


Table  9 

Noise  Reduction  Tradeoff  Analysis  for  Single  Piston-Engined  Aircraft  (from  Cessna  Aircraft  Co.) 


Maximum  Takeoff  Weight  =  3|800  lb 

Maximum  Installed  BMP  =  300  shp 

Takeoff  RPM  =  2700 

Objectives  (Input  to  Sizing  Program  for  Reference  Purposes): 

Takeoff  Field  Length  =  1900  ft 

Rate  of  Climb  at  Sea  Level  =  930  ft/ min 

Rote  of  Climb  at  24,000  ft  =  270  ft/min  (minimum) 

Range  =  780  n.mi. 


Noise  Level  at 

1,000  ft  Flyover,  dB(A) 

Parameter 

■1 

77 

75 

Design  (Propeller) 
Option 

B* 

1 

2 

3 

4 

5 

Diameter  (in.) 

80 

75 

75 

75 

75 

75 

Activity  Factor 

106 

130 

130 

100 

130 

130 

RPM  at  MCP 

2600 

2500 

2400 

2400 

2500 

2400 

Blade  Number 

3 

3 

3 

4 

2 

2 

Operational 

D50  (ft) 

2440 

2303 

2301 

2371 

2531 

2530 

R/C  (ft/min) 

850 

614 

513 

489 

653 

548 

0.960 

1.231 

1.212 

1.213 

1.327 

1.375 

24,000  ft  R/C  (ft/min) 

420 

371 

363 

363 

240 

210 

Range  (n.mi.) 

817 

848 

778 

788 

771 

661 

Cruise  Speed  (ktas) 

211 

194 

187 

190 

182 

175 

*B  is  Baseline  (Current  Design)  Case. 
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Noise  Reduction  Tradeoff  Analysis  for  Twin  Piston-Engined  Aircraft 
(from  Cessna  Aircraft  Co.) 

Maximum  Takeoff  Wei^t  =  6,350  1b 

Maximum  Installed  Bhp  =  310x2 

Takeoff  rpm  =  2,700 

Objectives  (Input  to  Sizing  Program  for  Reference  Purposes): 

Takeoff  Field  Length  =  2,595  ft 

R/C  at  Sea  Level  =  1,580  fpm 

R/C  at  24,000  ft  =  650  fpm 

Range  =  800n.mi. 


Noise  Level  at 

1,000  ft  Flyover,  dB(A) 

Parameter 

77 

75 

Design  (Propeller) 

Option 

B* 

1 

2 

3 

4 

5 

6 

Diameter  (in.) 

76.5 

70 

75 

75 

70 

70 

70 

Activity  Factor 

88.7 

100 

100 

85 

115 

100 

100 

RPM  at  MCP 

2700 

2700 

2500 

2500 

2600 

2600 

2500 

Blade  Number 

3 

3 

3 

4 

3 

4 

4 

Operational 

□so  (ft) 

2510 

2464 

2630 

2685 

2508 

2502 

2597 

R/C  (ft/ min) 

1440 

1552 

1356 

1365 

1458 

1436 

1364 

Vy/Vj  @  25,000  ft 

1.200 

1.363 

1.234 

1.179 

1.332 

1.255 

1.298 

R/C  @  25,000  ft 

840 

711 

766 

861 

714 

801 

721 

R/C  (§  5,000  ft  (eng.  out) 

270 

299 

227 

216 

268 

269 

234 

MCP  R<nge  (n.mi.) 

541 

512 

543 

552 

520 

538 

533 

Avg.  Cruise  Speed  (ktos) 

213 

205 

214 

216 

208 

212 

212 

*B  is  Baseline  (Current  Design)  Case. 
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Table  1 1 


Noise  Reduction  Tradeoff  Aixilysis  for  Twin  Turbopropeller  Aircraft 
(from  Cessna  Aircraft  Co.) 

Maximum  Takeoff  Wei^t  =  9,850  lb 

Maximum  Installed  Bhp  =  625  hp  x  2 

Takeoff  RPM  =  1900 

Objectives  (Input  to  Sizing  Prog-am  for  Reference  Purposes): 

Takeoff  Field  Length  =  2,142  ft 

R/C  at  Sea  Level  =  2,425  ft/mln 

R/C  at  24,000  ft  =  500  ft/min 

Range  =  700  n.ml. 


Noise  Level  at  1,000  ft  Flyover,  dB(A) 

Parameter 

77 

75 

73 

Design  (Propeller) 

Option 

B* 

1 

2 

3 

4 

5 

6 

7 

Diameter  (in.) 

90 

85 

90 

90 

85 

95 

90 

85 

Activity  Factor 

130 

130 

130 

130 

no 

100 

100 

130 

RPM  at  MCP 

2000 

1900 

1800 

1900 

1900 

1800 

1800 

1800 

Blade  Number 

3 

3 

3 

4 

4 

4 

4 

4 

Operational 

□so  (ft) 

2453 

2628 

2402 

1951 

2488 

2028 

2396 

2383 

R/C  (ft/min) 

2271 

2137 

1959 

2362 

2286 

2570 

2376 

2239 

Vy/Vj  @  25,000  ft 

1.292 

1.288 

1.281 

1.283 

1.295 

1.296 

1.296 

1.344 

R/C  @  25,000  ft 

867 

563 

699 

954 

708 

961 

780 

661 

R/C  @  5,(X)0  ft  (eng.  out) 

691 

464 

560 

726 

550 

728 

601 

527 

MCP  Range  (n.mi.) 

558 

520 

539 

563 

541 

567 

551 

536 

Avg.  Cruise  Speed  (ktos) 

279 

263 

271 

280 

272 

283 

277 

270 

*B  is  Baseline  (Current  Design)  Cose. 
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Similar  oba«rvations  can  be  mode  regarding  the  tradeoff  to  achieve  a 
75 dB(A)  "certification”  noise  level.  However,  in  addition,  none  of  the  available 
options  satisfying  this  75dB(A)  noise  goal  is  capable  of  meeting,  or  approoching, 
the  set  performance  objectives  for  rote  of  climb  and  cruise  speed.  A  5  dB 
reduction  in  certification  noise  limit  is  therefore  regorded  as  not  being  practical 
for  this  type  of  aircraft  using  current  technology. 

Table  10  shows  a  similar  tradeoff  analysis  for  a  twin  piston-engine  aircraft 
of  6,350  lb  maximum  takeoff  weight.  In  this  case,  the  performance  penalties  are 
not  as  severe  os  for  the  single-engined  aircraft,  and  one  can  still  comply  with  FAR 
Port  23  requirements  for  minimum  angle  climb  with  one  engine  Inoperative.  The 
analysis  shows  that  application  of  current  technology  propellers  would  allow 
reductions  in  "certificated"  rxjise  levels  for  this  aircraft  to  meet  both  the  3dB  and 
5  dB  decrements  in  noise  limits. 

Table  II  shows  the  resulting  analysis  for  a  twin  turboprop  aircraft  of 
9,850  lb  weight.  In  this  case,  the  example  aircraft  has  a  baseline  design  noise  level 
of  77  dB(A),  which  is  already  3  dB  below  the  FAR  Part  36  requirement.  (Recall  the 
statement  earlier  that  turboprop  oir craft  are  generally  quieter,  on  the  average,  by 
about  3dB  than  comparable  piston-powered  aircraft.)  The  onalysis  is  therefore 
focused  on  meeting  a  noise  limit  of  75dB(A).  The  lowest  noise  limit  attainable  in 
the  amlysis  was  73  dB(A),  and  this  additional  design  option  is  shown  in  Table  1 1  for 
this  maximum  noise  case.  It  is  evident  that  the  turboprop  aircraft  is  more  readily 
adaptable  to  lower  noise  emissions  without  major  performance  penalties.  This  is 
because  of  the  more  versatile  power  matching  capability  of  the  turbine  engine  with 
different  propellers. 

Figure  19  summarizes  the  results  of  the  preceding  analysis  coses  and 
shows,  in  addition,  estimated  rwise  levels  for  a  takeoff  operation  assuming  a  noise 
measurement  location  at  8,200  ft  (2.5  km)  from  broke  release.  Also  shown  in 
Figure  19  is  a  "market  price"  factor  which  is  used  by  Cessna  Aircraft  Company  to 
indicate  the  relative  depreciation  of  aircraft  value  that  would  result  from 
degradation  of  aircraft  performarKe.  A  depreciation  of  I  percent  may  be  regarded 
os  sigiificant,  and  2  percent  as  unacceptable,  in  competitive  mcrketing  of  these 
example  aircraft. 
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3  dB  Noise  Reduction 


(a)  Single  Piston  Engine  Aircraft  (Option  3  and  Option  4) 


Figure  19.  Summary  of  Application  of  Existing  Noise  Reduction  Technology  (Selected 
options  bosed  on  least  change  to  aircraft  market  value  For  each  decrement 
in  noise  level) 
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(b)  Twin  Piston  Engine  Aircroff  (Option  1  and  Option  5) 


Figure  19  (Continued) 
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In  summary,  application  of  existing  technology  to  achieve  further  noise 
reductions  of  small  propeller  aircraft  does  not  appear  to  be  economically  viable  for 
most  current  state-of-the-art  single  engine  small  propeller  aircraft.  (While 
retrofit  of  older  aircraft  with  new,  quieter  propellers  is  a  desirable  consideration, 
it  is  unlikely  that  such  retroactive  action  could  be  required  by  a  viable  noise 
regulation.) 

On  the  other  hand,  for  twin-engine  propeller  aircraft,  especially  turboprop 
types,  application  of  existing  technology,  including  use  of  optim<im  propeller/ 
engine  combinations,  appears  to  offer  the  potential  for  noise  reductions,  with 
acceptable  or  negligible  performar>ce  losses,  of  3  to  5  dB  for  piston-engine,  and  2 
to  4  dB  for  turboprop  aircraft.  Such  applications  could  reduce  the  achievable 
maximum  level  flyover  noise  levels  to  about  75  dB(A)  instead  of  the  current 
80  dB(A)  limit  for  such  aircraft. 

3.3  Potential  from  Application  of  New  Techfwiogy 

3.3.1  Propeller  Design  Technology 

A  considerable  resurgence  of  research  studies  of  propeller  designs  has 
occurred  in  the  period  1975-1981.  This  resurgence  follows  a  long  period  of  relative 
inactivity  since  the  ending  of  propeller  blade  development  work  by  NACA  during 
the  I950's.  Many  of  the  concepts  and  airfoil  section  designs  developed  by  NACA 
have  been  implemented  in  a  limited  manner  such  os  by  the  use  of  Series  16  and 
Series  6  airfoils  in  turbopropellers,  but  are  now  considered  to  be  of  much  greater 
utility  in  reducing  operating  costs,  fuel  consumption,  weight,  and  noise  levels  of  a 
wider  range  of  small  propeller-driven  aircraft. 

Evaluations  of  advanced  technology  propellers  have  been  performed  during 
the  lost  few  years  by  means  of  improved  analytical  procedures  for  noise  level 
prediction.  Pertinent  background  in  this  area  is  provided  in  References  24  to  34. 
Whereas  earlier  noise  prediction  methods  were,  to  some  extent,  capable  of 
esoiluating  the  effects  of  gross  changes  in  blade  loading  and  blade  thickness,  these 
methods  were  insufficiently  refined  to  provide  a  detailed  accounting  of  noise  level 
which  could  be  confidently  used  in  economic  and  performance  trade-off  analyses. 
The  most  significant  aspect  of  these  new  analytical  methods  is  that  they  employ  a 
definition  of  the  blade  surfaces  by  elemental  area  subdivisions,  and  can  thereby 
more  closely  represent  the  actual  surface  distributions  of  pressure  (loading)  and 
displacement  (thickness).  For  general  aviation  propellers,  where  the  helical  tip 
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Mach  number  of  propellers  is  subsonic,  the  mathematical  development  represents 

35 

an  extension  of  Lowson's  "compact  source"  theory"'  which  had  previously  been 

applied  to  helicopter  rotors.  The  most  common  form  of  the  new  theory  is  based  on 
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Ffowcs-Williams  and  Hawkings'  equation  for  sound  radiation  from  surfaces, 
which  includes  both  pressure  and  thickness  effects;  that  is. 


4Trp(t)  =  -^ 


where 


a  1 

J  r  l-M 
S  L  ’  ’^'Ji 


p(t)  is  the  soutkI  pressure  amplitude  received  at  an  instant,  t,  in  the 

far- field  observer  time,  arxi  caused  by  steady  force  and  thickness 
sources  on  the  blade  surface  at  some  earlier  instant  of  time  (retarded 
time)  t'  =  t  -  r/c^, 

Pjj  nj  is  the  pressure  acting  normal  to  the  blade  element  area, 

v.  nj  is  the  outward  (normal)  component  of  the  blade  element  velocity, 

and  c^  are  the  air  density  and  sonic  velocity,  respectively, 

X.  and  r  are  the  Cortesion  coordirates  and  the  direct  radial  cfistance  of  the 

observer  relative  to  the  source  blade  element  position  at  retarded 
time,  and 

M^  is  the  component  of  the  source  Mach  number  in  the  "r"  direction. 

This  time  domain  equation  requires  evaluation  at  each  of  a  number  of 
successive  observer  time  intervals,  with  the  bracketed  terms  [  ]  being  evalu¬ 
ated  for  each  blade  element  at  its  retarded  position  corresponding  to  t'.  It  hos 
been  shown,  by  Lowson  for  example,  that  the  "compacf  (lumped)  form  of  this 
equotion  for  steady  forces 


4Trp(t)  = 


where  F.,  the  blade  element  force  in  Cartesian  components,  is  exoctly  compatible 
with  Gutin's^^  equation,* 


Also  with  Garrick  and  Watkins  (Reference  38)  equation  which  includes  forward 
motion  effects 


°  <» 

where  P^(f)  is  the  rms  sound  pressure  of  the  mth  harmonic  of  the  f<r- ft  eld  sound 
caused  by  a  rotating  propeller  with  B  blades.  The  thrust  (T)  otkI  drag  (D) 
components  of  blade  forces  ore  concentrated  at  a  blade  radius  and  have  a  Mach 
number  M  at  this  radius.  The  observer  location  is  at  distance  r_  from  the  hub 
and  an  azimuth  0  from  the  forward  shaft  axis.  Similcriy,  the  thickness  term  in 
Eq.(l)c<n  be  likened  to  the  closed  form  solutions  by  Deming^^  and  Diprose;^®  that 
is, 

pBix?  ^T 

p^(f)  =  — -  /  K  .  t  .  b  .  (mBM  sin  0)  dR  (4) 

2  TTr  J 

where  t  and  b  <re  the  blade  section  thickness  and  chord  at  radius  R,  M  is  the 
section  Mach  number,  K  is  an  empirical  constant,  and  uj  =  2Trf  (harmonic 
frequency). 

Thus,  while  the  latter  Eqs.(3)  and  (4)  ond  their  derivative  forms  (to  include 
forward  motion)  were  used  for  propeller  noise  prediction  for  many  years,  they  did 
not  have  the  capability  of  aicfing  detailed  propeller  design.  The  new  acoustical 
theory  allows  detailed  evaluation  to  be  made  of  the  ocoustic  benefits  of  different 
airfoils,  cambers,  spanwise  and  chordwise  pressure  distributions,  and  blade  thick¬ 
ness  changes  at  or  near  the  blade  tip.  Such  changes  to  propeller  designs  have 
recently  been  evaluated  by  Klatte  and  Metzger  (Hamilton  Starxiard),^ *  by  Korkan, 
Gregorek  ar»d  Keiter^^  (OWo  State  University  and  Cessna  Aircraft),  and  by  Succi^® 
(Massachusetts  Institute  of  Technology),  all  of  whom  have  developed  computer 
programs  based  on  the  Ffowcs-Williams  and  HawWngs  theory.  While  these 
applications  have  concentrated  on  examining  the  versatility  of  propeller  optimi¬ 
zation  by  substituting  Series  16  airfoils  for  Clark  Y  and  RAF-6  sections,  future 
work  will  probably  be  based  on  more  advanced  section  designs  such  as  refined 
supercritical  airfoils. 

In  particular,  work  at  Ohio  State  University  on  general  aviation  technology 
suggests  that  the  new  acoustical  theory  con  be  directly  embodied  in  computational 
procedures  for  airfoil  selection  and  propeller  optimization.  The  technique  would  be 
similar  to  that  used  for  aerodynamic  evaluations,  by  superposition  of  results 
obtained  by  analysis  of  separated  blade  ch<racteri sties,  such  as 
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a.  thickness  distribution  at  zero  angle  of  attack, 

b.  thickness  distribution  at  an  angle  of  attack  corresponding  to  "actual 
minus  ideal,"  and 

c.  camber  line  at  ideal  angle  of  attack. 

Partial  noise  constituents,  in  the  time  domain,  ore  evaluated  from  (a)  for 
thickness  rx)ise  only,  from  (c)  for  loading  noise  only,  and  from  (b)  which  contains 
partial  thickness  and  loadir>g  noise  components.  It  has  been  postulated  that  this 
approach  will  allow  predominant  noise  source  causes  to  be  identified  and  alleviated 
os  part  of  the  design  process  rather  than  by  current  procedures  of  retrospective 
analysis. 

With  such  powerful  analytical  methods  for  acoustical  analysis,  combined 
with  major  advances  in  airfoil  design  and  the  computer  coding  of  airfoil  character¬ 
istics,  significant  reductions  in  propeller  noise  should  become  available  in  new 
aircraft  of  the  mid  to  late  I980's. 

At  present,  the  available  acoustic  theory  has  been  applied  in  each  of  the 
above  mentioned  studies  to  examine  the  benefits  in  noise  reduction  attainable  by 
selective  change  of  design  parameters.  The  following  summery  Is  indicative  of 
these  study  results: 

Baseline  Aircraft 

Table  12  shows  the  aircraft  baseline  coses  used  in  the  studies.  The 
Cessna  I72N,  2I0M  and  441  cases  were  examined  by  Korkon,  Gregorek  and 
Keiter,^^  while  the  Beech  Debonoir,  Duchess  and  DeHovilland  Twin  Otter  were 
examined  by  Klatte  and  Metzger.^*  The  study  by  Succi^®  also  used  a  Cessna  172 
as  a  baseline  cose,  but  employed  a  NACA  16-506  airfoil  in  all  of  the  propeller  noise 
arxilyses,  inclu<£ng  the  baseline  case. 

A  significant  starting  point  in  each  of  these  analyses  was  to  quantify  the 
relative  significance  of  steady  loading  and  thickness  noise  contributions  to  the  A- 
wei^ted  flyover  noise  level  of  the  baseline  propeller.  As  is  shown  in  Table  12, 
blade  thickness  noise  predominated  for  four  of  the  six  baseline  coses.  In  these 
coses,  therefore,  the  thickness  noise  must  be  reduced  as  a  priority  in  order  to 
achieve  significant  overall  noise  benefits.  It  should  be  noted  that  a  reduction  of  tip 
speed  will  influence  both  steady  loading  noise  and  thickness  noise,  but  at  different 
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rates  of  decay  with  the  latter  typically  decreasing  more  rapidly  with  tip  speed  than 
the  former.  Thus,  a  reduction  in  rpm  or  blade  diameter  is  again  found  to  have  a 
major  influence  in  noise  reduction,  irrespective  of  the  predominant  source,  as  one 
might  expect  from  the  earlier  analysis. 

Reduced  Blade  Diameter 

The  use  of  reduced  blode  diameter  os  a  means  of  reducing  blade  tip  speed 
has  already  been  examined  in  Section  3.2  for  existing  technology  propellers. 
However,  in  these  earlier  cases,  such  reductions  sometimes  caused  performance 
losses  even  when  accompanied  by  appropriate  increases  in  blade  activity  factor  or 
blade  number  to  absorb  the  available  shaft  horsepower. 

A  major  advantage  of  the  advanced  technology  airfoil  sections  (NACA  16 
or  better)  is  that  the  baseline  aerodynamic  performance  can  be  equaled  or 
improved  with  reduced  diameter  propellers,  without  increase  of  activity  factor  or 
blade  number.  Thus,  significant  noise  reductions  con  be  achieved  without  penalty 
in  performance,  weight  or  cost,  assuming  conventional  materials  (e.g.,  aluminum) 
are  retained. 

Klatte  arxl  Metzger^*  demorvitrate  this  for  the  light  single  (Beech 
Debonair),  light  twin  (Beech  Duchess),  and  heavy  twin  aircraft  referred  to  in 
Table  12.  In  each  case,  the  substitution  of  a  NACA  16  series  airfoil  with  reduced 
radius  blades  led  to  the  most  cost-effective  noise  reductions,  either  with  or 
without  tip  shape  or  tip  thickness  changes. 

Reduced  Blade  Thickness 

A  further  advantage  of  the  change  of  airfoil  section  is  that  chord  and 
thickness/chord  ratio  could  be  reduced  in  a  selective  manner  without  loss  of 
aerodynamic  performance.  For  the  three  Cessna  aircraft  studied,  the  i72N  and 
2I0M  were  predicted  to  benefit  by  the  order  of  4dB  by  reduction  of  thickness/ 
chord  ratio  from  the  nomirxil  value  of  8- 1/2  percent  to  5  percent.  These  predicted 

Q 

results  compare  well  with  reported  experimental  studies  where  noise  reductions  of 
4dB  were  obtained  with  similar  blade  thickness  reductions.  Further  thickness 
reductions  provide  negligible  further  noise  reduction  benefit.  In  the  case  of  the 
Cessna  441,  only  I  dB  reduction  was  predicted  to  result  from  chongir^g  the  nomirxil 
7  percent  thickness/chord  ratio.  This  can  be  attributed  to  the  predominance  of 
loading  noise  rather  than  thickness  noise  in  the  baseline  cose. 
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Baseline  Cases  Used  to  Evaluate  Application  of 
New  Noise  Reduction  Technolog/  for  Small  Propeller  Aircraft 


In  the  studies  of  the  Beech  Debonair,  a  change  to  a  NACA  \6  airfoil  with 
reduced  tip  thickness  was  predicted  to  provide  a  3  dB  noise  reduction.  However, 
other  changes  to  tip  planform,  such  os  to  elliptical  tips,  were  noted  to  result  in 
significant  additional  noise  reductions.  These  changes  combine  the  effects  of 
reduced  blade  tip  thickness  ond  tip  loading,  and  provided  predicted  reductions  of  up 
to  7  dB  in  the  combined  effect. 

In  the  Twin  Otter  study,  change  of  tip  shape  and  tip  thickness  was 
predicted  to  provide  only  about  I  dB  benefit  in  noise  level,  except  when  an  OVIO 
"low  noise  planform"  was  evaluated.  The  latter  was  expected  to  provide  at  least 
3  dB  benefit,  relative  to  the  baseline  cose. 

Evaluations  for  the  Duchess  aircraft  did  not  explicitly  examine  thickness 
effects  in  isolation  from  other  (e.g.,  diameter)  parameter  changes.  Noise  reduc¬ 
tions  of  between  2  and  3  dB  due  to  the  combined  effects  of  reduced  tip  thickness 
and  change  in  tip  shape  are  indicated  by  the  analyzed  data. 

Combined  Changes  (without  cost  or  weight  increose) 

The  first  three  columns  of  Table  13  summarize  the  benefits  in  noise 
reduction  discussed  so  far  for  propellers  with  advanced  airfoils  which  can  be 
optimized  on  diameter  and  blade  thickness  reductions.  Klotte  and  Metzger^* 
indicated  that  these  methods  can  be  utilized  with  considerable  propeller  cost  and 


wei^t  reductions. 

as  follows: 

Aircraft 

Type 

Optimum 

Noise  Reduction 
Without  Cost 
Penalty,  WB) 

Propeller 

Cost 

Reduction  (%) 

Propeller 

Weight 

Reduction  (%) 

Debonair 

II 

22 

22 

Duchess 

4 

40 

50 

Twin  Otter 

6 

5 

IS 

Table  13 


Summary  of  Noise  Reduction  Concepts  Using 
Advanced  Airfoil  Blades  in  Baseline  Design 


Aircraft 

Type 

Noise  Reduction,  dB 

Diameter 

Reduction 

Thickness 

Reduction 

Tip 

Shape 

Blade 

Sweep 

Proplets 

I72N 

2 

4 

5-8 

3 

Debonair 

5 

3 

3 

5 

- 

Duchess 

3 

(2  to  3) 

- 

- 

2I0M 

3 

4 

- 

N/A 

2 

441 

N/A 

1 

- 

4 

1 

Twin  Otter 

4 

1 

1 

- 

- 

N/A:  Not  Appropriate. 


The  major  change  in  technology  involved  in  the  above  approach  to  propeller 
noise  reduction  is  that  of  incorporating  the  required  structural  integrity  orKl  impact 
(wear)  resistance  into  blades  which  must  be  capable  of  operating  safely  in 
unprepared  or  poorly  maintained  airstrips.  Thus,  if  aircraft  usage  could  be 
restricted  according  to  blade  sensitivity  (which  is  an  unlikely  prospect)  then  the 
advanced  blades  discussed  above  could  be  considered  as  immediately  available  for 
such  restricted  applications.  However,  the  noise,  cost,  and  weight  bef>efits 
predicted  for  these  propeller  designs  must  await  on  improvement  in  material  and 
manufacturing  technology  before  they  can  be  realized  for  the  whole  fleet,  rather 
than  just  for  the  twin  engined  business  aircraft  fleet,  some  of  which  currently  use 
NACA  1 6  airfoils. 

Blode  Sweep 

Primary  interest  in  the  use  of  blade  sweep  in  propeller  desigris  is  directed 
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towards  high  speed  propulsors  for  Mach  0.8  cruise  transport  category  aircraft.  In 
such  cases  the  propeller  blade  tip  speeds  are  subsonic  in  rotation  but  supersonic  in 
helical  motion.  Thus  large  areas  of  each  blade  are  supercritical  (with  local  flow 
velocities  exceeding  sonic  speed).  Applying  blade  sweep  reduces  these  local 
velocities  and  local  pressure  g'adients,  and  therefore  contributes  g’eatly  to 


improved  aerodynamic  performance  and  reduced  noise  output.  A  further  advantage 
expected  of  blade  sweep  on  noise  generation  is  that  of  the  geometric  phase  lag 
between  the  blade  element  sources.  This  effect,  which  should  result  In  a  change  of 
the  sound  pressure  time  history  at  the  observer  location,  is  being  closely  Investi¬ 
gated  by  Hamilton  Standard  in  the  advanced  "prop-fan”  designs. 

The  application  of  blade  sweep  to  the  small  propeller-driven  fleet  of 
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aircraft  is  shown  by  Sued  and  Klatte  and  Metzger  to  have  significant  potential 
for  noise  reduction.  For  example.  Sued  performed  theoretical  analyses  of  a  wide 
range  of  sweep  configurations  applied  to  a  Cessna  172  aircraft  propeller  with 
NACA  16  airfoil  blades.  His  analysis  suggests  that  up  to  8  dB  reduction  might  be 
achievable  from  moderately  complex  configurations,  and  up  to  5  dB  reduction  for 
less  complex  sweep  configurations.  Klatte  and  Metzger^*  examined  the  potential 
of  blade  sweep  for  the  Debonair  aircraft  example.  Their  theoretical  work 
indicated  that  a  further  5  dB  noise  reduction  might  be  achieved,  relative  to  the 
optimum  noruwept  blade  discussed  in  the  preceding  note  on  combined  changes 
(without  cost  or  wei^t  increase).  The  Klatte  and  Metzger  study  applied  a  52 
degree  sweep  at  the  radial  station  where  critical  flow  first  occurs.  However,  they 
also  showed  that  while  propeller  weight  would  not  be  a  detrimental  factor,  costs 
would  be  well  in  excess  of  that  of  current  conventional  propellers.  The  benefit  of 
new  technology  in  propeller  materials  has  been  examined  by  Keiter^^'  ^  of  Cessna 
Aircraft,  McCauley  Accessory  Division.  In  these  studies,  aluminum  blades  were 
considered  to  be  replaced  by  composite  materials,  such  as  E-gloss,  S-glass,  Kevlar 
and  Graphite,  for  a  range  of  Cessna  aircraft  (I72N,  AI88B,  210M,  4I4A  and  441 
models)  while  the  additional  cost  of  advanced  propellers  for  these  aircraft  was 
predicted  to  be  substantial,  the  total  retail  cost  of  the  aircraft,  and  the  operating 
cost,  was  predicted  to  be  substantially  lower  (than  the  current  baseline  design)  due 
to  the  more  substantial  savings  incurred  by  airfrome/engine  resizing  and  more 
efficient  economic  performance. 

A  most  significant  finding  of  the  Keiter  study  was  that  aircraft  designed  to 
meet  the  current  FAR  36  noise  limit,  using  advanced  technology,  should  be  able  to 
retail  at  a  cost  savings  of  8  percent  to  16  percent  lower  than  the  current 
technology  equivalents,  and  with  between  7  percent  and  1 7  percent  reduction  in 
trip  fuel  consumption.  Designing  these  aircraft  to  meet  a  noise  limit  5  dB  lower 
than  the  current  FAR  36  would  reduce  these  savings  by  the  order  of  I  percent  or 
less.  Further  reference  is  mode  to  these  results  in  Section  3.4  which  summarizes 
the  expected  propeller  noise  reduction  benefits  of  current  and  new  technology. 
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PropI  ets 

The  potential  aerodynamic  benefit  of  the  use  of  airfoil-tip  winglets  has 
been  known  for  some  time  and  has  been  used  or  experimented  with  in  a  wide  range 
of  aircraft  wing  applications.  In  more  recent  years  this  experimentation  has 
extended  to  propeller  blade  tips,  such  as  in  the  so-called  Hartzell  Q-Tip  propeller. 
UnfortuTKitely,  these  experiments  have  not  shown  a  consistent  benefit  in  noise 
reduction,  possibly  because  the  benefits  depend  on  the  predominant  source  of  noise 
(whether  it  is  loading  or  thickness),  and  whether  the  proplet  is  used  to  gain  extra 
performance  rather  than  reduced  noise. 

Two  recent  studies^^’^  of  proplets  have  shown  that  these  devices  are 

capable  of  providing  noise  reduction  by  trade-off  of  the  improved  performance 

potential.  Irwin  and  Muzman^^  suggest  that  a  I  percent  increase  in  propeller 

efficiency  is  attainable  at  advance  ratios  corresponding  to  maximum  efficiency, 

but  that  optimization  of  proplet  design  may  be  necessary  to  achieve  the  greatest 

benefit.  Sullivan,  Cheng  and  Miller^^  suggest  that  the  potential  increase  in 

propeller  efficiency  may  be  os  much  as  1-5  percent.  From  a  noise  reduction 

viewpoint,  this  efficiency  benefit  can  be  used  to  reduce  propeller  diameter,  and 

hence  blade  tip  speed.  This  approach  was  included  in  the  study  by  Korkan, 

Gregorek  and  Keiter^^  and  indicated  potential  noise  reductions  of  3  dB  for  the 

Cessna  172,  2  dB  for  the  Cessna  210,  and  I  dB  for  the  Cessna  441,  as  shown  in 

Table  13.  These  results  were  also  included  in  Keiter's  review  of  advanced  propeller 
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techrrology. 


3.3.2  t^ise  Reduction  Benefits  of  Applying  Other  New  Aircroft  Design 
Technology 


The  preceding  discussion  has  emphasized  noise  reduction  of  the  primary 
noise  source  -  the  propeller.  However,  as  indicated  earlier,  noise  under  the  takeoff 
path  can  be  reduced  if  climb  performance  can  be  improved.  The  reverse  is,  of 
course,  also  true  so  that  any  noise  reduction  technique  which  reduces  aircraft 
climb  performance  will  be  partially  or  wholly  negated  without  a  compensating 
change  in  the  aircraft  design  to  overcome  or  cancel  out  the  performance 
degradation.  Because  of  the  high  development  costs  associated  with  any  basic 
changes  to  an  aircraft  design,  such  changes  are  unlikely  to  be  economically  feasible 
solely  to  meet  noise  reduction  requirements.  However,  where  they  are  achieved 
for  other  reasons,  such  as  improved  economy,  climb  performance,  etc.,  their 
corresponding  rwise  reduction  benefits  bear  consideration. 
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Airframe  Design  and  Noise 

One  view  of  the  basic  airframe  design  conditions  for  an  aircraft  is 

illustrated  in  Figure  20.  The  excess  avoilabte  power,  over  that  required  to 

overcome  induced  drag  and  form  drag,  is  available  for  climbing.  The  lower  the 

combined  drag,  the  more  excess  power  available  and  hence  the  better  the  climb 
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performance. 


A  simplified  model  for  the  performance  of  fixed  wing  aircraft  is  provided 
by  the  following  expressions: 


Climb  Angle,  oc 
Rote  of  Climb,  R/C 


Takeoff  Distance, 


8  (W/A)/(T/W) 

'5 


where 


T/W  =  Ratio  of  propeller  thrust  (T)  to  Takeoff  Weight  (W) 

W/A  =  Wing  Loading,  ratio  of  weight  (W)  to  wing  area  (A),  Ib/ft^ 

Cq/Cj^  =  Ratio  of  drag  (Cq)  to  lift  (Cj^)  coefficients 
yog  =  Weight  density  of  ambient  air 

A  representative  set  of  values  for  these  parameters  for  a  single  engine 
piston  aircraft,  with  a  maximum  takeoff  weight  of  3,000  lb,  is  given  by 


T/W 

W/A 

Cq/Cl 


0.23 
18  Ib/ft^ 

0.1 1 

0.0765  Ib/ft^  at  I5°C,  sea  level 
2 


Distance  from  brake  release  to  clear  a  50  foot  obstacle;  assumes  a  linear  decrease 
in  acceleration  from  an  initial  value  of  T/W  at  broke  release,  to  0  at  lift-off. 
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Air  Speed 


Figure  20.  Illustration  of  Typical  Aerodynomic  Drog/Engine  Power  Tradeoff 
Concepts  for  Propeller  Aircraft  (from  Reference  47) 
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The  corresponding  performance  parameters  ore 

0(,  Climb  Angle  =  sin'*  0.12  a  6.9° 

R/C,  Rote  of  Climb  a  627  ft/min 

^50’  Takeoff  Distance  a  1,780  ft 

At  a  distance  of  2.5  km  (8,200  ft)  from  brake  release,  the  height,  H,  of  the 
aircraft  on  takeoff  would  be 

H  a  50  +  (8,200  -  Djq)  (tan  oc) 

a  820  ft 

Assuming  the  baseline  aircraft  just  meets  the  noise  certification  criteria 
(80  dB(A))  at  1,000  ft  with  a  maximum  continuous  power  setting  and  that  the  higher 
propeller  rpm  during  takeoff  increases  the  source  level  by  3  dB,  the  expected  level 
on  the  ground  at  2.5  km  from  brake  release  would  be 

^•'^Max  =  80  +  20  log ,  Q  ( 1 000/820)  +  3,  dB 

a  84.7  dB(A) 

With  this  as  a  baseline  condition,  one  can  approximate  the  decrease  in 
noise  level  on  the  ground  attributable  to  the  following  type  of  changes  in  the 
airframe  design. 

o  Reduce  the  takeoff  wei^t  by  3  percent  (assuming  the  some 
payload)  -  this  increases  the  thrust  to  weight  ratio  (T/W)  and  wing 
loading  (W/A)  correspondingly,  or 

o  Reduce  the  drag  coefficient  (Cq)  by  3  percent,  or 

o  increase  the  lift  coefficient  (C|_)  by  3  percent. 

A|3plying  each  of  these  small,  but  still  very  significant  design  changes  one 
at  a  time,  and  then  in  combination,  one  can  show  that  the  maximum  noise  level  in 
the  ground  would  be  expected  to  decrease  approximately  os  shown  in  Table  14. 
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Table  14 


Illustration  of  the  Potential  Noise  Reduction  During  Takeoff 
Achieved  by  3  Percent  Improvements  in  Aircraft  Performance  Parameters 


POrameter 

Base 

Line 

Value 

Improvement 

Reduce  Wei^t 

Reduce  Drag 

Increase  Lift^*^ 

All  TIree 

Value 

A 

Value 

A 

Value 

A 

Value 

A 

T/W 

0.23 

0.237 

+3% 

0.23 

0 

0.23 

0 

0.237 

+3% 

W/A,  Ib/ft^ 

18 

17.5 

-3% 

18 

0 

18 

0 

17.5 

-3% 

0.1 1 

0.11 

0 

0.107 

-3% 

0.107 

-3% 

0.103 

-7% 

Cl. 

2.0 

2 

0 

2 

0 

2.06 

+3% 

2.06 

+3% 

OsQt 

1780 

1681 

-5.6% 

1770 

-0.6% 

1730 

-2.8% 

1023 

-8.8% 

Climb  Angle,  deg. 

6.9° 

7.3° 

+5.8% 

7.1° 

+2.6% 

7.1° 

+2.6% 

7.7° 

+  11.6% 

R/C,  ft/min 

627 

654 

+4.3% 

644 

+2.7% 

634 

+  1.2% 

680 

+8.4% 

Ht  @  8200  ft,  ft 

820 

878 

+7.1% 

843 

+2.8% 

848 

+3.4% 

931 

+13.6% 

84.7 

84.1 

-0.6  dB 

84.5 

-0.2  dB 

84.4 

-0.3  dB 

83.6 

-i.l  dB 

(I)  Assuming  change  in  airfoil  shape  only  with  same  area. 


While  these  hypothetical  changes  in  performance  are  both  significant  and 
potentially  costly  to  develop,  the  changes  in  noise  level  ore  small  and  probably  not 
sigriificant  except  for  the  lost  cose.  Nevertheless  improvements  in  aircraft  takeoff 
performance,  especially  that  due  to  reduction  in  takeoff  weight,  are  clearly 
desirable  for  other  reasons  and  the  corresponding  noise  reductions  will  become  a 
very  desirable  side  benefit  that  can  be  realized  by  such  improvements  in  airfrome 
desi^i. 

X4  Swnmaryof  Expected  Benefits 
3.4.1  Current  Technology 

The  opinion  of  the  industry  on  the  use  of  current  technology  for  noise 
reduction  purposes  is  clearly  expressed  by  Hooper  and  Smith^  who  claim  that  it  has 
been  used  to  the  limit,  both  for  propellers  and  engines,  to  meet  the  current  FAR 
Port  36  Appendix  F  noise  limits.  The  studies  by  Cessna  for  purposes  of  the  present 
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work  indicate  that  the  performance  margin  available  for  further  noise  control  is 
likely  to  be  insufficient  for  single-engne  aircraft,  but  may,  in  some  coses,  be 
economicolly  feasible  in  twin-engine  aircraft.  However,  it  may  not  be  practical  to 
differentiate  in  a  noise  regulation  between  aircraft  models  which  have  and  have 
not  a  potential  for  further  noise  reduction.  Such  differentiation  is,  however, 
already  evident,  but  not  from  a  regulatory  wewpoint,  by  the  usage  of  MNOP  as  a 
noise  limiting  method.  It  seems  unlikely  that  this  approach  could  be  considered  os 
having  a  wider  application  across  the  aircraft  fleet  to  meet  more  stringent  noise 
limits. 

In  summary,  current  (off-the-shelf)  technology  does  not  appear  to  have  the 
potential  of  meeting  more  stringent  noise  limits  for  the  current  flyover  test 
procedures,  at  least  for  single  engine  aircraft.  Reference  to  the  study  of  takeoff 
noise  level  predictions,  presented  in  Section  2.2.  for  a  sample  fleet  of  aircraft 
models,  would  indicate  that  many  of  the  currently  certificated  models  may  not  be 
able  to  satisfy  noise  goals  derived  for  the  majority  of  the  fleet.  It  is  therefore 
concluded  that  more  stringent  noise  limits  will  only  be  economicaily  viable  by  the 
use  of  advanced  technology  propeller  designs  which  can  be  integrated  with  current 
technology  engines. 

3.4.2  Advanced  Technology 

The  potential  for  future  benefits  in  noise  reduction  by  development  of  new 

technology  propellers  has  been  extensively  evaluated  by  a  number  of  recent 
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studies,  as  discussed  in  Section  3.3.  The  most  recent  of  these  by  Keiter  in  1981, 
based  on  a  study  by  Ohio  State  University  and  Cessna  Aircraft,  indicates  that  the 
use  of  advanced  blade  airfoil  sections,  composite  materials,  blade  tip  sweep  and 
proplets,  together  with  optimization  of  diameter  Gn  some  cases  by  increase  of 
diameter),  propeller  rpm,  and  engine/airframe  sizing  has  the  potential  for  meeting 
noise  limits  5dB  lower  than  current  FAR  Part  36  with  substantial  reduction  of 
retail  and  operating  costs.  The  cost  penalty  for  the  SdB  lower  limit  was  estimated 
Id  be  of  the  order  of  I  percent,  this  being  deducted  from  a  net  cost  benefit  of  the 
order  of  7  percent  to  16  percent  resulting  from  the  technology  application. 

However,  many  of  the  concepts  employed  in  these  recent  studies  ore  a 
result  of  theoretical  evaluations  using  the  most  recent  of  acoustical  and  aero* 
dyrximic  analytical  methods.  In  eoch  cose,  the  researchers  coll  for  development 
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programs  to  verify  their  findings.  Since  the  one  aim  of  the  re^latory  process  is  to 
ensure  that  the  technology  is  fully  utilized,  it  would  appear  reasonable  to  plan  for 
imposition  of  lower  noise  limits  of  the  order  of  5  dB  to  become  effective  in  a 
future  time  period,  selected  to  allow  sufficient  time  for  the  necessary  validating 
development  to  be  accomplished. 


4.0 


CONSIDERATIONS  FOR  AACNDMENT  OF  NOISE  REGULATIONS  FOR 
PROPELLER-DRIVEN  SiAALL  AIRPLANES 


Four  areas  of  possible  amendments  to  the  existing  noise  regulations  in 
Appendix  F  of  FAR  Part  36  (see  Appendix  A  herein)  are  considered  in  this  section 
based,  in  part,  on  the  material  presented  in  Sections  2  and  3. 

1.  Chonge  in  test  procedures  to  require  the  use  of  a  takeoff  test  in 
place  of  or  in  addition  to  the  current  level  flyover  test. 

2.  Change  in  the  noise  metric  from  to  SEL  (or  L^j^). 

3.  Change  in  Appendix  C  or  F  of  FAR  Part  36  to  eliminate  the 
discontinuity  between  the  current  rules  at  a  maximum  gross  weight 
of  12,500  pouTKls.  (The  discontinuity  occurs  at  5,700  kg  or  12,568 
pounds  for  Appendix  3  of  ICAO's  Annex  1 6  noise  regulation.) 

4.  Any  possible  change  in  noise  limits  associated  with  any  one  of  the 
above  three  items. 

4.1  Change  In  Test  Procedure 

In  Figure  4  (Section  2),  it  was  shown  that  at  the  some  distonce  underneath 
the  flight  path,  the  rwise  is  expected  to  be  higher  during  takeoff  than  during  cruise 
power  settings  due  to  the  hi^er  propeller  rpm  for  the  former  condition.  The 
exception  observed  was  the  cruise  optimized  fixed-p>itch  propeller  aircraft  which 
hod  a  lower  rpm  during  takeoff  than  during  cruise  at  MNOP. 

Thus,  it  could  be  argued  that  a  takeoff  rwise  certification  test  should  be 
required  for  all  propeller-driven  small  aircraft,  with  the  possible  exception  of 
cruise  optimized  fixed-pitch  propeller  oircraft,  to  insure  that  worst  case  conditions 
are  employed  for  the  test.  A  counter  to  that  argunent  is  that  for  many  airports, 
the  population  density  is  very  low  near  the  airport  boundary  underneath  the 
climbout  portion  of  a  departure.  For  the  majority  of  propeller-driven  small 
aircroft  operations  (i.e.,  single  engine,  less  than  3,500  pounds),  the  largest  number 
of  peoF>le  under  departure  poths  are  likely  to  be  exposed  to  reduced  power 
conditions  employed  after  the  aircraft  has  leveled  off  at  normal  departure  or 
pattern  altitudes.  However,  the  population  along  the  airport  runway  sidelines  may. 
In  some  situations,  receive  a  considerable  exposure  to  the  noise  during  takeoff, 
even  considering  the  additional  ground  attenuation  loss  of  the  takeoff  noise  dunng 
initial  ground  roll.  Precise  generalization  is  not  possible  as  to  which  portion  of  the 
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flight  of  departing  propeller-driven  small  aircraft  has  the  greotest  noise  impact  on 
a  community  -  the  initiol  ground  roll  and  takeoff  at  maximum  takeoff  power,  or 
level  fli^t  at  normol  cruise  power  (or  maximum  normal  operating  power).  This 
con  only  be  resolved  accurately  for  specific  air|x>rts,  cose  by  case,  or  by  collection 
and  evaluation  of  noise  exposure  data  and  population  density  around  a  large  sample 
of  general  aviation  airports.  No  such  detailed  data  exist  at  present.  Therefore,  in 
the  absence  of  such  data  (see  Appendix  D  for  a  global  view  of  the  noise  impact 
near  general  aviation  airports),  the  argument  given  at  the  beginning  of  this 
paragraph  may  be  considered  a  necessary  and  sufficient  reason  for  noise  certi¬ 
fication  requirements  for  all  but  cruise  optimized  fixed-pitch  propeller-driven 
small  airplanes  to  be  based  on  levels  measured  (or  computed)  at  o  position 
underneath  the  aircraft  during  takeoff.  Note  that  the  performance  correction 
currently  applied  in  Appendix  F  of  FAR  Port  36  and  in  Appendix  3  of  ICAO's 
Annex  16  only  accounts  for  the  variation  in  altitude,  due  to  the  variation  in 
climbout  performance,  at  o  nominal  distance  of  1 1,430  ft  (approximately  3.5  km) 
from  brake  release.  However,  the  difference  in  source  level  under  the  takeoff  path 
due  to  variation  in  propeller  rpm  between  takeoff  power  and  maximum  normal 
operating  power  is  not  accounted  for  by  this  correction. 

To  accomplish  such  a  revised  certification  rec^iirement,  two  options 
appear  to  be  possible: 

1.  Conduct  the  noise  certification  tests  so  os  to  measure  directly  the 
required  takeoff  noise  level,  or 

2.  Modify  the  existing  performance  correction  applied  to  level  flyover 
test  measurements  to  provide  on  effective  measure  of  takeoff  noise 
levels. 

Based  on  the  results  obtained  in  this  program,  either  opproach  appears 
feasible  os  outlined  below. 

4.1.1  Direct  Measurement  of  Takeoff  Noise  Levels 

The  following  observations  are  based,  to  a  large  extent,  on  the  results 
obtained  from  the  flight  test  program,  conducted  with  Cessna  Aircraft  Company, 
which  is  reported  in  detail  in  Appendix  B. 

4. 1 . 1 . 1  Measurement  Location 

Although  a  sideline  measurement  position  was  considered  in  the  initial 
planning  of  the  test  program,  it  was  not  utilized.  To  maximize  the  simplicity  and 


validity  of  the  takeoff  noise  tests,  only  positions  under  the  flight  poth  are  needed. 
A  position  of  2.5  km  (8,200  ft)  from  brake  release  is  corwdered  optimum  on  the 
basis  of  the  following  rationale: 

a.  2  km  (approximately  6,560  ft)  from  brake  release  represents  the 
minimum  distance  that  is  practical,  based  on  aircraft  heights  and 
the  need  to  represent  a  realistic  environmental  problem  area. 

b.  3  km  (9,840  ft)  arnl  greater  distances  present  difficulty  because 

suitable  measurement  locations  are  not  available  at  such 
distances  near  many  general  aviation  airfields; 

ambient  noise  can  become  too  high  for  quiet,  high  perfor¬ 
mance  aircraft. 

c.  2.5  km  is  considered  to  be  a  good  compromise. 

4.1. 1.2  Selection  of  Flight  Profile 

In  contrast  to  the  requirement  for  level  flyover  tests  that  the  height  of 
the  aircraft  above  ground  level  be  within  £)0  ft  of  a  1,000  ft  reference  distance,  no 
such  direct  control  on  aircraft  heig(ht  is  involved  for  a  takeoff  test.  However,  the 
aircraft  performance  during  takeoff  must  be  controlled  -  this  sets  the  altitude 
irtiirectly.  It  is  recommended  that  a  "best  rate  of  climb"  takeoff  profile  be 
required  for  takeoff  tests. 

An  alternative  "takeoff"  procedure  was  evaluated  which  showed  nearly 
identical  results,  when  allowance  was  made  for  minor  variations  from  the  actual 
takeoff  tests,  in  altitude  or  propeller  rpm.  This  consisted  of  a  simulated  climbout 
initiated  after  a  low  level,  low  power  approach,  followed  by  acceleration  and  then 
climbout  along  a  predetermined  profile,  calculated  by  Cessna,  to  simulate  a 
takeoff  profile  which  passed  through  the  1,000  ft  altitude  over  the  measurement 
point. 

4. 1 . 1 .3  Measurement  of  Nonacoustic  Test  Parameters 

As  discussed  in  Apperxlix  B,  the  pertinent  airplane  flight  parameters  (i.e., 
propeller  rpm,  indicated  airspeed,  and  temperature)  were  measured  with  standard 
on-board  instrumentation  and  logged,  manually,  by  the  pilot  or  test  observer. 
Airplorw  height  was  measured  photographically. 


Test  Durations 

As  indicated  below,  only  small  differences  were  observed  between  the 
duration  of  each  test  allowing  time  for  the  aircraft  to  land  and  reposition  at  brake 
release  (where  appropriate),  or  circle  around  for  another  pass  over  the  microphor>e 
array. 


Average  Time 

_ Test _  Between  Tests 

Takeoff  Tests  6  min. 

Simulated  Climbout  5  min. 

!,(X30  ft  Flyos^rs  4  min. 

4. 1 .2  Correlation  Between  Takeoff,  Simulated  Climbout,  and  Level  Flyover 

Consider,  for  now,  the  correlation  between  only  the  maximum  sound 
levels  on  takeoff  or  simulated  climbout  and  the  level  measured  for  level 

flyover.  We  will  consider  this  correlation  again  in  the  next  section  in  terms  of  the 
sour)d  exposure  level. 

The  simplest  form  of  such  a  correlation  can  be  demonstroted  by  applying 
corrections  to  the  measured  tokeoff  (or  simulated  takeoff)  levels  to  account  for 
differences,  in  propeller  rpm  and  distance,  from  corresponding  values  for  the  level 
flyover  condition.  For  convenience,  the  latter  will  be  represented  by  the  averoge 
measured  values,  corrected  to  a  1,000  ft  distance,  qs  summarized  earlier  in 
Table  4(d). 

The  results  of  this  process  are  presented  in  Table  15.  The  correlation  is 
quite  good  for  the  first  two  aircraft.  As  illustrated  later,  the  noise  during  takeoff 
of  the  I72P  aircraft  appears  to  be  a  combination  of  propeller  and  exhaust  noise  so 
that  the  flyover  noise  levels  computed  from  the  takeoff  tests  do  not  agree  as 
closely  with  the  actual  measured  values. 


88 


Td>te  IS 


illustration  of  the  Correlation  Between  Measured  Takeoff  (for  Simulated  Takeoff) 
Levels  Corrected  to  Flyover  Cornlitions,  and  the  Average  Measured  Values 


Aircraft 

Test 

Condition 

•-Amo.' 

dB(A) 

2 

K  log  rpm 

dB 

dB 

Corrected  Measured 

- dB(A) - 

402C 

mm 

82.0 

-2.7 

79.3 

79.8 

T2I0 

82.5 

-3.2 

79.3 

79.5 

mm 

83.3 

-2.8 

80.5 

79.5 

-1.0 

I72P 

69.6 

+7.5 

77.1 

75.1 

-2.0 

68.9 

+7.8 

76.7 

75.1 

-1.6 

■■ 

Average  A 

-0.8 

*  Measured  test  level  corrected  for  spreading  loss  between  Test  Ht.  and  Reference  Ht.  1,000  ft 
(from  Table  4(d) 

2 

Correction,  derived  from  Figure  4,  for  difference  between  test  rpm  and  rpm  for  level 
flyover. 

Nevertheless,  the  average  difference  between  computed  and  measured 
flyover  levels  is  -0.8  dB,  illustrating  the  reasonableness  of  computing  either 
takeoff  or  flyover  noise  levels  for  propeller-driven  small  propeller  aircraft,  given 
the  other  value. 

4.2  Noise  Meosorement  Corttiderations 

Three  different  noise  metrics  were  evaluated  in  the  tests  described  in 
Appendix  B. 

o  Maximum  Sound  Level, 

o  Soixid  Exposure  Level,  L^^  (using  the  ISO  terminology) 

o  Average  Sound  Level,  L 

The  latter  measure  is  reported  in  the  detailed  data  in  Appendix  B  but  is 
not  considered  further  in  this  section.  It  is  best  used  to  define  the  "average”  noise 
level  over  a  defined  period  of  time  instead  of  over  a  single  (aircraft  flyby)  event 
whose  effective  duration  con  vary  with  speed  or  altitude  of  the  aircraft. 
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The  remoinder  of  this  section  will  consider  the  various  aspects  involved  in 
measurement  of  either  of  the  first  two  noise  metrics,  or  ^AX’  the 

relationship  observed  between  them,  and  the  possible  change  from  LA^^^  to 
for  noise  certification. 


4.2.1  Microphone  Height 

A  typical  time  history  of  the  A-weighted  sound  level,  relative  to  its 
maximum  value,  is  shown  in  Figure  21a)  from  one  of  the  flight  tests  described  in 
Appendix  B.  The  plot  shows  the  relative  levels  measured  ot  the  2.5  km  measure¬ 
ment  location  for  both  a  1.2  m  and  10  m  microphone  height.  The  former  height  is 
currently  reqv.Mred  in  Appendix  F  while  the  latter  hos  received  increasing  consi¬ 
deration  for  noise  certification  measurements  of  jet-powered  aircraft  in  order  to 
minimize  ground  reflection  problems.  As  shown  in  Figure  21(a),  the  time  history  of 
the  relative  A-weighted  sound  levels  measured  for  the  two  microphone  heights  are 
in  close  agreement.  However,  Figure  21(b)  shows  how  the  time  history  of  one-third 
octave  band  levels  at  250  Hz  from  this  same  test  exhibit.^  the  presence  of  very 
large  fluctuations  in  level  at  the  10  m  microphone.  These  Ifxge  fluctuations  ore 
due  to  cancellation  and  reinforcement  of  fhe  propeller  noise  harmonic  at  this 
frequency  by  ground  reflections.  Similar  ground  reflection  anomalies  also  occur 
for  the  1.2  m  microphone,  but  are  at  higher  frequencies  and  are  lesser  in 
fluctuation  amplitude.  It  therefore  appears  that  ground  reflections  for  propeller 
noise  may  actually  not  be  as  significant  for  a  1.2  m  microphone  height  as  for  a 
10  m  microphone  height.  This  may  be  due  to  the  fact  that  for  the  1.2  m  height,  the 
frequency  spocing  between  cancellation  dips  is  much  larger  than  for  a  10  m  height, 
thereby  reducing  the  occurrence  of  coincidence  with  propeller  harmonic 
frequencies.  It  is  possible,  however,  that  in  some  unique  test  cases,  the 
cancellation  effect  may  be  problematic  with  a  1.2  m  height  microphone,  depending 
on  whether  the  aircraft  propeller  frequencies  are  "tuned"  to  the  cancellation  dip 
frequencies. 

A  more  detailed  comparison  of  the  relative  utility  of  a  lOm  vs  1.2  m 
microphone  height  is  not  attempted  here.  However,  it  is  possible  to  generalize  as 
follows.  Table  16  contains  a  summary  of  the  average  and  standord  deviations  of  ail 
the  measurements  from  the  flight  test  program.  From  examination  of  this  table, 
one  con  show  the  following: 

o  The  average  values  of  maximum  sound  levels,  measured  at 

1.2  m  differed  from  those  at  10  m  by  a  mean  value  of +0.3  dB 
+  1.1  dB  (the  values  at  1.2  m  were  hi^er). 
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Relative  Sound  Level/  dB 


Figure  21.  Time  Histories  of  Relative  A- Weighted  Sound  Level  (o)  and  250  Hz  One- 
Third  Octave  Band  Level  (b)at  1.2  m  and  10  m  Microphone  Positions. 
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Table  16 


Microphone 

Position 

Ion 

Ht. 

m 

2.0 

1.2 

10 

2.5 

1.2 

10 

2.0 

1.2 

10 

2.5 

1.2 

10 

2.0 

1.2 

10 

2.5 

1.2 

10 

Sommer y  of  Measured  Data  from  Fli^t  Test  Program 
(see  Append)  x  B) 


Sound 

Level 


I72P 

‘-^Max  ^ 
- dB(A) 

■AX 

T2I0N 

•-AMax  L 
dB(A) 

AX 

- 

- 

- 

- 

74.4 

81 .8 

76.8 

82.3 

0.90 

0.92 

0./4 

0.62 

74.9 

82.0 

79.3 

84.3 

0.22 

0.73 

1.35 

0.85 

74.6 

82.4 

77.3 

83.8 

0.38 

0.94 

0.90 

0.88 

- 

- 

87.0 

0. 

91 .8 
0.21 

76.6 

85.0 

88.8 

93.5 

0.74 

0.50 

0.24 

0.25 

74.8 

84.3 

86.9 

92.4 

0.56 

0.50 

0.96 

0.66 

74.8 

84.5 

86.6 

93.2 

0.52 

0.38 

0.65 

1 .04 

69.5 

81  .4 

83.5 

89.7 

0.5 

0.2 

- 

- 

68.5 

80.4 

83.3 

89.6 

0.5 

0.4 

0.3 

0.7 

67.6 

80.6 

83.8 

90.3 

0.6 

0.35 

0.25 

0.65 

'Max  ^AX 
—  dB(A) - 


77.8 
0.56 

77.9 
0.65 

80.3 

1.08 

78.7 

0.71 


83.3 
1.25 
83.9 
1 .02 

83.7 

0.99 

82.5 

0.71 


83.5 

0.36 

83.7 
0.28 

85.7  1 
0.62 

85.0 

0.45  I 

1 


89.5 

0.56 

90.4 

0.57 

90.2 

0.38 

90.0 

0.46 


Standard  Deviation  of  measured  values  includes  the  effect  of  the  voriotion  between  runs  of  height 
or  propeller  rpm.  This  variance  is  nominally  constant  with  each  aircraft  type/flight  condition 
block. 


o 


The  corresponding  overage  values  of  sound  e^qmsure  level  differed 
by  -0.2  dB  +0.5  dB  (i  jb.,  the  values  at  1 .2  m  were  lower). 

o  The  average  standard  deviations  of  these  noise  metrics  were  0.71  dB 
and  0.60  dB  for  at  1.2  m  and  (Om,  respectively  (not 

significantly  different),  and  0.S4dB  ond  0.57  dB  for  ot  1.2  m 
and  10  m,  respectively. 

Thus,  the  noise  levels  measured  at  10  m  appear  to  have  approximately  the 

same  variability  as  those  at  1.2  m  and  a  very  slightly  lower  maximum  sound  level  - 

48 

a  result  thot  is  not  irKonsistent  with  previous  observations. 

More  detailed  considerations  of  the  effect  of  microphone  height  are  also 
reported  in  References  49  and  50. 

Before  leaving  this  topic  of  g-ound  reflections,  attention  is  drawn  to 
Figure  22  which  shows  an  overlay  of  the  time  histories  of  the  A-weighted  sound 
levels  from  two  successive  flints  of  the  402C  two-engine  aircraft  as  meosixed  at 
2.5  km  with  a  1.2  m  microphone  height.  The  plot  of  relative  levels  for  the  second 
run  (//7)  was  adjusted,  vertically,  so  as  to  coincide  with  the  first  run,  during  the 
period  of  build-up  and  foll-off  from  the  peak  values.  Note  that  this  second  record 


Time——* 

Figure  22.  Illustration  of  Passible  Phase  Cancellation  Effect,  at  a  1.2  m 
Microphone  Height,  for  a  Two-Engine  Propeller  Aircraft  Level 
Flyover  at  l,(X)0ft 
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shows  a  distinct  dip  in  the  peak  level.  The  implication  is  that  the  combination  of  a 
ground  reflection  pattern  and  phosing  of  the  two  propeller  signals  served  to  cause 
this  dip  in  the  maximum  sound  level  for  the  second  test.  This  is  confirmed  by  the 
measured  data  observed  for  this  pair  of  tests  as  follows. 


L^Max’^^B 

•-AX* 

Run  6 

81.0 

86.0 

Run  7 

80.0 

85.9 

Thus,  the  time- integrated  levels  are  nearly  identical  for  the  two  runs  while  the 
maximum  values  differ  by  1.0  dB  for  these  tests.  This  dip  in  time  history  ot  the 
nominal  point  of  maximum  level  was  observed  in  four  out  of  the  nine  level  flyovers 
for  this  aircraft  but  did  not  appear  on  any  of  the  six  takeoff  flights. 

In  summery,  there  is  not  any  substantial  justification  for  changing  from  a 

1.2  m  to  a  10  m  microphone  height  based  on  the  results  of  the  tests  reported  here. 

4.2.2  Instrumentotior*  foi  ttie  Measurement  of  Maximum  Sound  Level  or  Sound 


Two  types  of  instrumentation  were  utilized  in  the  flight  tests  for  this 


program: 

o  Direct  reading  integrating  sound  level  meters  with  (GenRod  1988)  or 
without  (Bruel  &  Kjaer  2218)  a  "maximum  level"  feature  to  hold  the 
value  of  the  maximum  sound  level  for  convenient  readout  of 
Both  types  of  meters  provide  a  digital  readout  of  sound  exposure 
level  and  integration  time.  Such  meters  have  been  defined  as 
integrating-averaging  sound  level  meters  in  a  current  draft  standard 
for  such  instruments.^*  The  GenRod  unit  wos  more  convenient  to 
use  for  those  aircraft  noise  flyover  measurements  in  two  resp>ects: 

1)  The  holding  feature  allowed  the  maximum  level  to  be  read, 
easily  and  unambiguously,  to  within  0.1  dB. 

2)  The  GenRod  meter  also  read  integration  time  to  the  nearest 
second  as  opposed  to  a  reading  to  the  nearest  0.001  hour 
(3.6  sec)  for  the  Bruel  &  Kjaer  model. 


o 


Tape-recorded  data,  using  high  quality  (Nagra  Model  SJ)  tape 
recorders  and  subsequent  tape  analysis  into  an  integrating  sound 


level  meter  to  read  for  LA.. 

Max 


*-AX* 


a  spectrum  analyzer  for 


spectral  content,  or  graphic  level  recorder  to  observe  the  time 
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history.  While  this  type  of  instrumentation  was  highly  desirable  for 
the  tyF>e  of  exploratory  measurements  carried  out  for  this  program, 
it  is  not  absolutely  required  for  routine  noise  certification. 
However,  os  a  reliable  record  of  the  field  measurements,  such  a 
recording  is  invaluable  and  should  be  acquired  whenever  possible. 

Table  17  lists  additional  details  on  many  of  the  other  sound  level  meters 
currently  available  on  the  market.  Most  of  the  other  manufacturers  -  Metrosonics, 
Monarch,  Quest,  and  Digital  Acoustics  -  make  integrating  sound  level  meters.  One 
potentially  useful  feature  for  such  integrating  sound  level  meters,  which  is 
available  on  only  a  few  models,  is  an  adjustable  or  fixed  internal  threshold  setting. 
This  establishes  a  minimum  sound  level,  below  which  the  integration  circuit  does 
not  operate  so  that  one  measures,  in  effect,  only  that  port  of  the  sound  ener  gy  on  a 
given  single  event  that  lies  above  the  threshold  level. 

For  the  GenRod  and  Bruel  and  Kjoer  units  utilized  in  this  program,  there 
apparently  is  no  such  internal  threshold  which  cuts  off  the  integrator.  Thus,  if 
these  meters  were  placed  in  a  very  quiet  location  where  the  acoustic  ambient  noise 
level  was  below  the  internal  electrical  background  noise  of  the  instrument,  they 
would  integrate  this  internal  noise,  and  register  cr>  output  reading  corresponding 
only  to  this  internal  noise.  However,  this  is  not  necessarily  a  handicap  since  this 
feature  can  be  used  os  a  means  of  checking  on  the  internal  noise  floor  to  verify  the 
integrity  of  any  actual  measured  noise  event. 

Furthermore,  an  additional  means  of  counteracting  any  potential  errors 
associated  with  integration  of  the  meter's  internal  noise  floor  is  provided  by  at 
least  one  model  (GenRod  1988).  This  model  indicates  when  the  measured  sound 
level  falls  below  the  internal  noise  floor  more  than  about  I  percent  of  the  time 
while  the  meter  is  integrating  the  sound  exposure  level.  Finally,  a  more  general 
safeguard  against  any  significant  errors  in  the  output  of  an  integrating  sound  level 
meter  due  to  its  internal  noise  floor  is  expected  to  be  included  in  the  performance 
standard  for  such  meters.^*  This  is  expected  to  require  that  the  lowest  sound  level 
for  which  the  meter  can  be  used,  reliably,  will  be  defined  so  as  to  ensure  occurate 
readings  of  sound  exposure  level  within  the  meter's  specified  tolerance 
requirements. 

With  this  general  background  on  the  instrumentation  aspects  of  the  noise 
measurement,  consider  now  the  more  detailed  evaluation  carried  out  in  this 
program  concerning  the  measurement  of  sourxl  exposure  level  of  small  propeller 
aircraft  flyovers. 
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Partial  List  of  Available  Integrating  one!  Noruntegrating  Sound  Level  Meters 


Display  Rmgc  Types:  Log  =  logorirhmic  scale;  I  in  =  lineorscole. 


Diiploy  Ronge  Typ«r  l„g  --  log,,, ill, mice, .le,  lin  =  lineor  icolr 


Table  17  (Continued) 
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Oisploy  Ronge  Typ«:  Log  =  logarithmic  icole;  Lin  -  linnur  icole. 


4.2.3  Measurement  of  Using  Direct-Read  Integrating  Sound  Level  Meters 

The  definition  of  the  single  event  exposure  level,  L^^^,  as  gven  by 
International  Standard  150  3891-1978(0,  "Acoustics-  Procedure  for  Describing 
Aircraft  Noise  Heard  on  the  Ground,"  is 

^AX  =  ^^Max  ^A 

where 

LAmqx  maximum  A-weighted  sound  level,  ond 

is  a  duration  allowance  which  accounts  for  the  time  history  of  the  noise 
event  between  the  first  and  last  instants  at  which  the  noise  level  is  10  dB 

‘^'°'"-Amqx- 

In  effect  is  the  I  second  equivalent  energy  noise  level  obtained  by 
time  integration  of  between  the  so-called  "lOdB  dowri  points." 

Direct-read  Integrating  sound  level  meters  provide  a  measurement  of  this 
I  second  equivalent  energy  level  for  either  a  preselected  time  period,  or  for  o  time 
period  between  manually  activated  start  and  stop  instants.  In  both  cases,  the 
integration  period  is  stored  (and  can  be  displayed)  with  the  value.  The 

problem  of  direct  read,  field  evaluations  of  for  aircraft  flyover  noise  events  is 
simply  that  there  is  no  prior  knowledge  of  the  first  10 dB  down  point.  The 
foliowing  information  has  been  derived  from  tape-recorded  histories  of  noise  of 
three  different  aircraft  in  different  flyover  modes  of  operation. 


Figure  23  illustrates  a  typical  time  history  of  during  an  aircraft 
flyover  event.  The  time  history  commences  at  some  preselected  marker  station, 
e.g.,  brake  release  for  a  takeoff  cose  or  overflight  of  a  runway  reference  point  for 
level  flight  cases,  and  ends  at  the  10  dB  down  point  after  LAji^gx* 


Table  18  shows  values  of  obtained  by  allowing  the  time  integration 
process  to  corrvnence  at  (a)  a  marker  point  well  in  advance  of  the  noise  event, 
(b)at  10  second  intervals  after  the  marker  point,  and  fc)at  the  first  instant  at 


wWch  is  witNn  10  dB  of  LA^^x*  cases,  the  integration  ended  at  the 

instant  the  sound  level  had  diminished  by  10  dB  after 


In  addition,  the  table  shows  the  time,  in  seconds,  between  the  10  dBdown 
points  (corresponding  to  the  rcfererKe  value  of  •-AX^’  the  value  of  LA^^^  Coring 


101 


the  flyover  event,  the  total  duration,  in  seconds,  of  the  aircraft  flyover  from  the 
marker  point  to  the  last  10  dB  down  point,  and  the  ambient  rx>ise  level  just  prior  to 
the  flyover. 

Table  18  was  derived  by  analysis  of  tape-recorded  sound  histories 
acquired  at  a  measurement  site  using  the  1.2  m  microphone,  2.5  km  from  a  broke 
release  marker  point  on  the  takeoff  runway,  and  on  the  extended  centerline  of  the 
takeoff  runway. 


Four  different  methods  of  obtaining  values  in  the  field,  by  means  of 
direct-read  integ’-ating  sound  level  meters,  were  used  for  comparison  purposes  in 
Table  19,  based  on  the  data  shown  in  Table  18.  The  differences  between  the 
values  obtained  by  these  methods,  relative  to  the  period 

between  the  lOdB  down  points,  are  also  shown  in  Table  19. 


Additionally,  on  approximate  evaluation  of  described  in 

ISO  3839-  1978(E),  is  compared  with  the  reference  value. 


The  Table  19  values  of 


are  described  os  follows: 


Column  i:  (Ref) 


These  values  of  are  for  the  period  between  the  10  dB  down  points, 
and  can  only  be  obtained  by  subsequent  analysis  of  data  records. 


Colunn  4:  from  Marker 


These  values  can  be  obtained  directly  in  the  field  by  commencing 
time  integration  at  the  instant  of  brake  release  for  a  takeoff  event  (or  at  the 
instant  of  flyover  of  the  brake  release  marker  point  for  other  flis^t  profiles).  Time 
integration  is  (manually)  stopp>ed,  after  the  occurrence  of  when  the 

A-wei^ted  sooid  level  is  10  dB  below  It  should  be  noted  that  this  may 

not  always  be  the  "last  instant"  at  which  is  lOdB  below 


Column  5; 


from  20  seconds  after  Marker 


These  values  oi  ^  obtained  directly  in  the  field  by 

commencing  integration  20  seconds  after  the  obove-mentioned  "marker  poinf 
instant.  The  objective  of  delaying  the  integration  start  is  simply  to  reduce  the 
period  of  ambient  noise  integrotion. 
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Table  19 

Comparison  of  Methods  for  the  Evaluation  of 
Law  for  Aircraft  Flyover  Noise  Events 


.  8  uses  ISO  approximate  method.  A.  =  10  log 


Column  6:  (Cd.  4)  -  (ambient) 

This  method  of  evaluating  L^x  **  performed  in  the  field  by  obtaining 

a.  (ambient) 

b.  the  direct  read  value  over  the  integration  period,  and 

c.  fhe  integration  time,  in  seconds, corresponding  to 
These  values  con  be  obtained  directly  from  integrating  sound  level  meters. 

The  corrected  value  of  is  given  by 


Lax  =  'O'o^iO 


LAx(annb)' 


where 

Lax('t^)  =  Lax  (measured),  and 

LAx^ornW  =  L^q  (ambient)  +  10  logjQ  (T.^^/1),  dB 

The  Lax  Column  6  are  based  on  the  measured  Lax  ^int 

obtained  by  commencing  integration  at  the  marker  point. 

Cdumn  7:  Lax  “  ^AX  "  *"AX 

The  procedure  for  evaluating  Lax  in  Cdumn  6  is  repeated  for  Cdumn  7 
except  that  the  values  of  Lax  °nd  T-^j  are  those  obtained  by  commencing 
integration  20  seconds  after  the  mcrker  point. 

Colunnfe 

This  method  of  obtaining  on  approMmate  value  of  Lax  described  in 
ISO  389 1- 1 978(E)  and  can  be  employed  in  the  field  if  a  time  history  trace  of  La  is 
acquired.  In  the  approximate  method,  the  value  of  LA^^^  is  corrected  by  a 
factor  A  A  given  by: 

A.  =  I0lo9|o  (-S-i) 


where 


t2  -  t|  is  the  time  period,  in  seconds,  between  the  first  and  last  instants 
at  which  La  is  within  10  dB  of  LA|^gj^. 


The  approximate  resulting  value  of  is  therefore  based  on  the 

assumption  that  the  time  history  "shape”  is  symmetrically  triangular  about  the 

L^Max 


Error  evaluations  ore  shown  in  the  last  five  columns  of  Table  19.  These 
errors  are  simply  the  differences  between  the  values  obtained  by  the  above 
methods,  relative  to  the  reference  ^AX  values  in  Column  I. 


To  summarize,  it  is  evident  from  the  example  cases  shown  in  Table  19 
that  it  is  beneficial  to  reduce  and/or  account  for  the  effect  of  ambient  noise  in 
evaluating  “-AX  by  direct  field  measurement  procedures.  It  is  also  evident  that  the 
ISO  method  for  obtaining  an  approximate  value  of  ‘-AX  is  inferior  to  those  which 
employ  direct  read  integrating  sound  level  meters. 


For  future  possible  regulatory  purposes  of  obtaining  a  valid  measurement 
of  for  small  propeller-driven  aircraft,  the  following  should  be  considered: 

a.  The  minimum  [jeriod  of  time  integration  should  include  the  period 
between  the  first  and  lost  instants  at  which  is  within  lOdB 

‘-^Max- 

Measurement  of  should  include  a  measurement  of  the  inte- 


b. 


c. 


■AX 


grating  period  over  which  the  evaluation  is  obtained. 

A  measurement  of  ambient  noise,  L  ,  dB(A),  should  be  obtained 

eq 

before  arxl  after  the  aircraft  flyover  event. 


d.  Corrections  to  the  measured  value  of  to  account  for  ambient 

background  noise,  may  be  made  provided  such  corrections  do  not 
exceed  some  specified  amount  (e.g.,  0.5  dB).  Such  corrections 
should  be  based  on  the  measured  values  of  T.^^,  and 

(ambient)  as  described  in  this  section. 


4.2.4  Conversion  Between  and  ^AX  for  Level  Flyover  or  Takeoff  Noise 

Tests 

It  was  shown  earlier  how  it  was  possible  to  convert  the  maximum  sound 
level  measured  under  the  takeoff  path  to  the  maximum  level  underneath  the 
aircraft  for  a  level  flyover.  The  conversion  process  simply  corrected  for  the  error 
in  source  level  doe  to  differences  in  propeller  rpm  and  for  spreading  loss,  due  to 
differences  in  aircraft  heigfit  over  the  measurement  point.  Consider  now  an 
additional  conversion  -  between  maximum  sound  level  and  sound  exposure  level  - 
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for  either  level  flyover  or  takeoff  oia,  hence,  conversion  from  for  level 

flyover  to  L  *  ^  for  takeoff  (or 


To  develop  the  conversion  algorithms,  several  analyses  were  mode.  First, 
the  time  histories  for  each  of  the  flights,  as  measured  at  2.0  and  2.5  km  with  the 
1.2  m  microphone  heic^t,  were  collected  and  tirne  histories  for  all  similar  flight 
test  conditions  superimposed,  as  illustrated  in  Figure  24,  relative  to  the  level  and 
time  of  the  maximum  level.  For  each  of  these  composite  time  histories  of  relative 
level,  a  smooth  line  was  drawn  through  the  data  ond  "data"  points  read  from  each 
of  these  average  curves  to  define  an  average  relative  time  history  for  each  case. 


The  resulting  average  relative  time  history  "data"  are  shown  in  Figure  25. 
Now  assume,  for  a  first  approximation,  that  the  maximum  sound  level  is  observed 
when  the  aircraft  is  nearly  overhead.  This  is  o  reasonable  assumption  since 
published  data  indicate  the  maximum  A-weighted  level  for  flyover  of  small 
propeller  aircraft  actually  occurs  at  an  angle  of  about  5°  past  directly  overhead. 
One  con  then  normalize  these  various  time  histories  to  a  single  reference  aircraft 
height  and  speed.  Reference  values  of  l,(X)0  ft  and  160  kts  (270  ft/sec)  were 
employed  for  convenience.  Neglecting  the  5°  shift  from  directly  overheod  for 
^“^Max  ^  time  error  of  about  0.3  seconds  for  the  reference  height  and 

altitude.  The  normalization  process  simply  consists  of  changing  the  time  t  for 
each  data  set  to  o  normalized  time  t'  given  by 

t'  =  t  (V  7270) /(R/ 1,000),  sec 


where  V,  R  =  the  average  true  airspeed,  in  ft/sec,  and  aircraft  height,  in  ft, 
respectively,  for  the  averaged  time  history. 

In  addition  to  the  preceding  assumption  about  the  directivity  of  the 
propeller  noise,  this  normalization  of  the  time  scale  also  assumes  that  atmospheric 
attenuation  is  negligible  and  need  not  be  considered  in  scaling  the  time  history. 

The  result  of  applying  this  scaling  process  to  the  raw  averaged  time 
histories  in  Figure  25  is  shown  by  the  data  in  Figure  26.  The  collapse  of  the 
relative  time  history  doto  for  the  flyover  and  takeoff  tests  is  quite  satisfactory 
except  for  the  I  72P  aircraft  on  takeoff.  As  indicoted  earlier,  the  propeller  rpm  for 
this  aircraft  is  lower  on  takeoff  than  during  level  fli^t  and  it  is  believed  that  this 
resulted  in  a  strong  influence  of  engine  exhaust  noise  which  has  a  much  broader 
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Figure  24.  Overlay  of  Relative  Time  Histories  of  A-Weighted  Sound  Level  Observed 
at  2.0  Km  from  Brake  Release  for  402C  Aircraft  During  Takeoff  Tests. 
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directivity  pattern  approaching  that  o’  a  monopole.  Excluding  the  data  for  the 
1  72P  takeoff  time  nistory,  it  was  possible  to  construct  a  single  curve  through  the 
remaining  data  in  both  Figure  26(a)  and  (b)  to  represent  a  normalized  time  history 
of  the  A-weighted  sound  level,  relative  to  the  maximum  value.  This  empirical 
curve  is  shown  in  Figure  27.  Also  shown  on  this  figure  are  the  data  points  from 
Figure  26(a)  and  (b)  for  the  normalized  average  flyover  and  takeoff  time  histories 
of  the  402C  aircraft  as  measured  at  the  2.5  km  point  with  the  1.2  m  microphone. 
The  excellent  collapse  of  the  data,  when  time  is  normalized  by  the  simple  linear 
model  invoked  above,  is  quite  evident. 

While  the  curve  in  Figure  27  is  based  only  on  the  35  flights  conducted  for 
the  three  aircraft  types  tested  in  this  program,  it  is  Pelieved  to  provide  a  good  first 
approximation  to  the  time  history  of  A-weigtited  sound  levels  for  tokeoff  or  level 
flyover  of  high  power  for  most  propeller-driven  small  aircraft.  Again,  tne 
exception  is  the  propeller-driven  small  aircraft  with  o  fixed-pitch  propeller 
optimized  for  cru'se.  Since  takeoff  levels  for  such  aircraft  are  also  expected  to  be 
lower  than  flyover  le  -eis  at  the  same  distance,  the  takeoff  condition  snould  not  oe 
significant  for  regulatory  purposes  anywoy.  Thus,  with  this  one  exception,  the 
average  line  on  Figure  27  is  proposed  as  o  preliminary  model  for  converting  from 
maximum  A-weighted  sound  level,  to  sound  exposure  level,  for 

purposes  of  regulatory  action,  for  propeller-driven  small  aircroft.  Refinement  in 
this  model  would  be  desirable  based  on  a  broader  data  sample. 

It  must  be  emphasized  again  that  this  proposed  approach  is  based  on  an 
ideal  inverse  square  spreading  law  for  sound  propogotion  losses  inherent  in  the 
simple  linear  time-scaling  low  outlined  above.  However,  this  is  considered  to  be  a 
satisfactory  approximation  for  the  range  of  propagation  distances  involved  in 
converting  to  for  measurements  at  1, 000  ft  under  a  level  flight  or  at 

2.5  km  from  brake  release  where  aircraft  altitudes  are  expected  to  fall  typically  in 
the  range  of  500  to  l,5(X)  ft.  Based  on  the  normalized  time  history  in  Figure  27, 
with  a  reference  distance  of  1, 000  ft  and  reference  speed  of  I60kts  (270  ft/sec), 
the  "lOdB  down"  points  occur  at  an  angle  approximately  ^5°  from  vertical 
(ignoring  the  small  bias  of  about  5°  in  the  position  of  maximum  levels  from  an 
overhead  position).  As  indicated  by  the  following  sketch,  a  correction  for  changes 
in  air  absorption  loss  when  converting  a  time  history  for  a  1,500  ft  overhead  height 
to  a  time  history  for  a  l,(X)0  ft  distance  would  involve  a  change  in  levels  at  the 
"10  dB  down"  points  due  to  air  absorption  over  a  distance  of  R2"^|  ~ 
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Figure  27.  Average  Normalized  Time  History  of  Relotive  A- Weighted  Sound  Levels 
for  Propeller-Driven  Small  Aircraft  During  Takeoff  or  Level  Flyover  Tests 
at  Noise  Certification  Power  Conditions. 
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Illustration  of  Small  Error  in  Time  History  of  Level,  L(t),  if  Air  Absorption  is 
Ignored  When  Converting  from  Level  at  1,500  ft  Flyby  to  Level  at  1,000  ft  Flyby. 


Based  on  a  typicul  effective  value  of  about  l.l  dB  per  1,000  ft  for  the  value  of  air 
absorption  loss  for  A-weighted  propeller  aircraft  spectra,' '  this  would  represent  a 
change  in  level  at  the  10  dB  down  point  of  about  0.8  dB.  While  this  small  change  in 
level  is  not  accounted  for  by  the  simple  linear  time-scaling  model  implied  in 
Figure  27,  the  resultmg  error  in  sound  exposure  level  is  estimated  to  be  no  more 
than  about  0.5  dB. 


Returning  now  tu  Figure  27,  integrating  the  relative  levels,  occording  to  o 
simple  summation  applied  to  the  smooth  line,  provides  the  basis  for  a  duration 
correction  O  os  follows; 


where 


^  ^AX  ■'-'^Max  - 


At  .  10 


AL./iO 


/- 


,dB 


ALj  is  the  level  L(t)  relative  to  at  each  i^*^  time  spaced  at 

intervals  At  apart.  At  was  taken  os  one-half  second  for  this 
summation,  and 


to  the  reference  time  of  I  second  implicit  in  the  definition  of  L^^. 

A  value  of  D  =  4.4  dB  was  obtained  from  Figure  27  by  this  process.  The 
duration  correction  D  con  also  be  expressed  in  the  form  dictated  by  the  linear 
model  for  the  time  history  os 
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where 


D  =  10  log, Q  [k,  .%/vJ=  4.4  dB 


ore  the  reference  values  of  dstonce  and  speed  of  1,000  ft  and 
270ft/sec  (160  kts),  respectively.  On  this  basis,  the  empirical 
constant  K ,  becomes  0.74. 

An  independent  derivation  of  this  duration  constant  K,  was  also  carried 
out  by  a  regression  analysis  of  the  experimental  data  relating  Lax  ond  LA^y,^^ 
assigning  a  linear  model  (i.e.,  energy  effective  duration  scoling  linearly  with 
distcnce/velocity).  In  this  case,  K,  was  1.07.  However,  the  value  derived  by 
inte^’otion  of  the  curve  in  Figure  27  will  be  used  for  now. 

The  theoretical  value  for  this  constant  K,,  if  the  source  were  a  dipole 
(oriented  at  90°  to  the  line  of  travel),  would  be  If  12?  As  expected,  however,  the 
directivity  of  the  propeller  noise  field  is  even  sharper  than  that  of  a  dipole.  In 
foct,  as  shown  below,  the  duration  correction  is  closely  approximated  by  the 
theoretical  value  for  the  sound  exposure  level  in  one  of  the  lobes  of  a  moving 
quack-upole  oriented  with  one  of  its  lobes  perpendicular  to  the  line  of  travel.  For 
this  ideal  case,  the  constant  K,  becomes  Tr/4  («0.79),  close  to  the  value  of  0.74 
derived,  empirically,  from  the  date  in  Figure  27. 

Noise  Expos^e  from  Passby  of  a  Quodrupole  Source  ot  an  Arbitrary 

Qrientoti^  (Reference  53) 


and 


The  distance  (r)  and  intensity  (1)  for  a 
lateral  quadrupole  source  passby  are  given  by 


Kt)  =  1^^^  (sin  0  cos  0)^  [l  +  (Vt/R)2] 


-I 
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where 

0  =  B  -  cos"  * 

If  the  quadrupxjle  is  turned  so  that  one  of  its  lobes  is  ot  90°  to  the  direction  of 
travel,  then  S  =  45°  and  the  resulting  time  history  has  the  shape  indicated  by  the 
following  sketch. 


R 


N 


+  (Vt)2 


Time  History  of  Level  During  Passby  of 
of  a  Quadrupole  Source  with  /8  =  45°. 

Integrating  only  over  the  time  limits  t  =  +R/V,  the  noise  level  of  only  the  primary 
peak  in  the  time  history,  indicated  by  the  shaded  area  in  the  sketch,  is  obtained  and 
the  corresponding  so'und  exposure  level  can  be  shown  to  be  ecfjal  to 

^AX  =  ^max  ^  ‘0'°9io[f  V  ]  » 

Retcrning  to  the  empirical  basis  for  the  duration  correction,  the  conver¬ 
sion  Detween  LA|^^^  and  LA^^  can  now  be  expressed  as 

where  H  =  the  slant  range  at  test  conditions,  ft 

V  -  the  overage  aircraft  speed  at  test  conditions,  ft/sec. 

This  expression  was  used  to  convert  the  predicted  maximum  sound  levels 
at  takeoff  and  2.5  km  (8,200  ft)  from  brake  release  for  the  data  base  aircraft, 
evaluated  earlier  in  Section  2  (see  Figure  8b,  page  31),  to  corresponding  values  of 
sourxl  exposure  level  for  the  predicted  takeoff  test  conditions.  The  results  are 
shown  in  Figure  28. 
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Figure  28.  Predicted  Values  of  Sound  Exposure  Level  at  8200  ft  (2.5  km)  from  Brake 
Release  for  Takeoff  Tests  of  Data  Base  Aircraft  (compare  to  data 
in  Figure  8(b)« 


To  convert  values  of  maximum  sound  level  from  level  flyover  tests, 
sound  exposure  levels  under  takeoff  conditions,  L^j^(T/0),  the 
preceding  model  can  be  used  to  define  the  following  conversion  expression: 

L^x(T/0)  =  LA„„^(LFO)  .  20  log|o[;^]  *  K  iog,o 

+  10  log  [0.74  H2/V]  ,  dB 

where 

H|,  H2  =  aircraft  altitudes  above  the  measurement  points  for  the  level 
flyover  and  takeoff  tests,  respectively, 

K  =  365  log  IQ  ^Propeller  Diameter /Blade  Width  at  0.8  radiusj  -268 

^T(I)’  ^T{2)  ~  rotational  tip  Mach  numbers  for  the  level  flyover  and 

takeoff  tests,  respectively, 

and  V  =  the  aircraft  speed  for  the  takeoff  test. 

To  demonstrate  the  application  of  this  conversion  expression,  the  average 
values  of  the  measured  flight  data,  summarized  earlier  in  Table  4(d)  have  been  used 
to  compute  values  of  for  takeoff,  from  the  measured  values  of  during 

level  flyover.  These  computed  values  are  shown  in  Table  20  compared  to  the 
actual  measured  values  of  sound  exposure  level.  As  indicated  in  the  lost  column  by 
the  difference,  ^  ,  between  the  measured  and  predicted  values  of  sound  exposure 
level,  the  results  are  very  encouraging  for  the  402C  and  T2I0N  aircraft.  The 
average  error  is  only  0.9  dB  for  these  aircraft  indicating  that  one  should  be  able  to 
apply  the  above  type  of  approximate  conversion  expression  to  relate  maximum  and 
sound  exposure  levels  for  flyover  and  takeoff.  Note  that  if  the  higher  value  (i.e., 
1.07  cited  earlier)  for  the  duration  constant  Kj,  had  been  used  in  the  above  scaling 
equation,  the  predicted  values  of  sound  exposure  level  for  the  402C  and  T2I0N 
aircraft  would  have  been,  on  the  average,  approximately  l.l  dB  higher  than 
measured  values.  This  suggests  that  a  better  approximation  to  the  duration 
correction  constant  Kj  would  be  somewhere  in  between  0,74  and  1.07.  However,  in 
the  absence  of  a  more  complete  analysis  of  available  propeller  aircraft  flyby  noise 
signatures,  the  value  of  0.74  for  Kj  derived  from  Figure  27  will  be  considered  a 
good  initial  approximation  for  now.  Again,  the  exception  to  this  ogreement  is  the 
cruise  optimized  fixed-pitch  propeller  aircraft. 


118 


Table  20 


Illustration  of  the  Correlation  Between  Predicted  and 
Meastred  Values  of  Sound  Exposure  Level  in  Takeoff. 

Predicted  Values  Based  on  Measured  Values  of 
Maximum  Sound  Level  and  Duration  Correction  Model 


Aircraf  t 

Level  Flyover^*^ 

i  Parameters 

ZOIogpr 
dB  ^ 

■ 

MH 

■ 

Condit. 

w  <2) 
H2 

ft 

V 

''t(2) 

ft/sec 

V  (2) 

ft/sec 

^(3) 

K.og> 

dB^f) 

^(4) 

dB 

LA., 

Max 

dB(A) 

''t(I) 

ft/sec 

Colc^^’Meos.*^' 
- dB(A) — 

dB 

A 

6 

C 

D 

E 

F 

C 

H 

1 

J 

K 

L 

M)2C 

79.8 

868 

T/0 

840 

901 

192 

1.5 

167 

♦2.7 

♦5.2 

89.2 

90.2 

♦  1 .0 

T2I0N 

79.5 

908 

T/0 

643 

942 

174 

3.8 

175 

♦2.8 

♦4.4 

90.5 

91 .8 

♦  1 .3 

S/C 

1,007 

942 

174 

.0.1 

175 

♦2.8 

♦6.4 

88.6 

89.0 

♦0.4 

I72P 

75.1 

882 

T/0 

582 

793 

131 

4.7 

162 

-7,5 

♦5.2 

77.5 

83.9 

♦6.4 

_ 

S/C 

1,038 

789 

131 

4). 3 

162 

-7.8 

♦7.7 

74.7 

79.1  . 

♦4.4 

(t)  Average  level  flyover  noise  level$,at  2.Skm  position, corrected  to  1,000ft  Oiei^tlond  overage  tipspeed  ''t(I) 
(Z)  Measured  hei^t,  H2,  tip  speed,  ''t(2)’  orxt  airplane  speed,  V  ,  during  tolcoff  test 
(3)  K  =  365  logjQ  [propeller  Dianefer /Blade  Width  of  0,8radiusJ  -  268 
(U)  Duration  Correction  s  l0log|g[0.74  H^/V  ]  ,dB 

(5)  oxnputed  from  Col.  A  ♦  Col.  F  ♦  Cd.  H  ♦  Col.  I 

(6)  ''’^‘tsured  •  reference  values  measured  between  10  dBdown  points  (from  Table  19 

(7)  ^  :  Diff ererKe  between  Measured  ard  Calculated  values  of  •-AX 


In  summary,  a  reasonable  method  is  provided  for  converting  from 
rrxjximum  sound  level  to  sound  exposure  level  for  measurement  of  propeller-driven 
small  aircraft  flyby  noise  signatures.  The  desirability  of  adopting  the  latter  metric 
is  considered  in  the  next  section. 
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4.3  Trotnifion  of  Noise  Certificqtion  for  Propeller  Alrcroft 

Propeller  aircraft  weiring  more  than  12,500  lb  ere  considered  large 
transport  aircraft  for  which  noise  certification  requirements  in  Appendices  A,  B, 
and  C  of  FAR  Part  36  apply.  The  latter  requirements  differ  from  those  in 
Apperxiix  F  for  small  propeller  aircraft  in  terms  of  the  following  major  factors: 

o  Measurement  Positiorrs 

o  Flight  Procedures 

o  Correction  Procedures 

o  Noise  Metric 

As  a  result  of  these  differences,  there  is  a  discontinuity  in  the  noise  limits 
for  propeller  aircraft  relative  to  their  gross  weight  maximum.  While  it  is  evident 
that  this  discontinuity  in  ruling  at  the  12,500  lb  gross  wei^t  value  can  be 
circumvented  by  judicious  selection  of  design  parameters  by  the  manufacturing 
industry,  there  is  clearly  a  case  for  eliminating  such  a  discontinuity.  This  is 
especially  true  in  advanced  commuter  aircraft  concepts  which  fall  close  to  a 
12,500  lb  wei^t  arxl  which  may  have  significant  beneficial  desigri  and  efficiency 
features  at  risk  depending  on  whether  noise  limits  are  to  be  based  on  Appendix  F  or 
Appendix  C. 

For  example,  in  a  recent  study  of  the  applicability  of  advanced  technology 
to  general  aviation  aircraft,^^  consideration  was  given  to  over  50  technologies 
which  could  be  applied  to  a  six-passenger  private/business  aircraft  and  a  19- 
passenger  commuter  aircraft.  In  the  latter  cose,  the  optimum  efficiency  of 
advanced  commuter  aircraft  designs  incurred  gross  wei^t  changes  from  12,500  lb 
to  12,580  lb,  and  from  14,000  lb  to  1 1,660  lb,  depending  on  design  mission  specifi¬ 
cations.  Each  of  these  changes  involves  a  jump  from  one  noise  rule  to  the  other. 
Since  such  design  optimization  requires  an  extremely  sensitive  analysis  of  the 
tradeoff  between  aerodynamic,  structural,  power  system  and  market  features, 
discontinuities  in  noise  rules  at  the  12,500  lb  majdmum  gross  weight  limit  must  be 
considered  as  incompatible  with  the  goals  of  advancing  aviation  technology. 
Corvider,  therefore,  how  this  discontinuity  in  noise  certification  requirements 
might  be  removed. 

4.3.1  Differences  in  Measurement  Positions  and  Flight  Procedures 

The  primary  bases  for  differences  In  measurement  positions  and  flight 
procedures  between  Appendix  F  and  Appendix  C  have  already  been  discussed.  It  is 
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desirable,  however,  to  elaborate  on  why  approach  and  sideline  positions  required 
for  Appendix  C  are  not  considered  necessary  for  propeller-driven  small  aircraft. 


The  noise  levels  during  approach  of  such  aircraft  are  ordinarily  well  below 
those  on  takeoff,  with  the  possible  exception  of  larger  turboprop  aircraft.  Thus, 
with  this  exception,  there  does  not  appear  to  be  sufficient  need  to  require  an 
approach  noise  certification  measurement  for  propeller-driven  small  aircraft. 
While  sideline  positions  near  general  aviation  airports  may,  indeed,  receive 
significant  noise  exposure  during  takeoff  of  propeller  aircraft,  there  is  a  substan¬ 
tial  effort  by  the  industry  to  develop  prediction  models  to  estimate  such  levels.^^ 
Since  takeoff  tests  are  shown  in  this  repxjrt  to  be  applicable  for  most  propeller- 
driven  aircraft,  then  it  is  not  considered  necessary  to  measure  sideline  levels 
separately  for  propeller-driven  small  aircraft  since  such  levels  will  simply  be  o 
reduced  reflection  of  the  takeoff  noise  level.  As  the  weight  of  the  propeller 
aircraft  increases  beyond  the  current  1 2,500  lb  limit,  the  following  rationale 
appears  reasonable  in  considering  alternative  measurement  positions: 

o  For  propeller  aircraft  above  12,500  lb,  require  an  approach  measure¬ 
ment,  os  specified  in  Appendix  C,  but  at  a  position  closer  to  landing 
threshold.  A  distance  of  I  km  (3,281  ft)  from  landing  threshold 
would  seem  reasonable,  as  compared  with  2  km  as  used  in 
Appendix  C. 

o  For  propeller  aircraft  above  12,500  lb,  eliminate  the  sideline  meas¬ 
urement,  providing  a  takeoff  noise  measurement  is  made  underneath 
the  flig^it  path  at  a  position  well  before  any  power  reduction  can  be 
employed.  The  2.5  km  position  defined  for  propeller-driven  small 
aircraft  should  satisfy  this  latter  requirement. 

4.3.2  Correction  Procedures 

Procedures  to  correct  measured  noise  certification  levels  for  nonstandard 
flight  profiles  should  be  similar  to  those  employed  now  or  as  proposed  herein. 

o  For  propeller  aircraft  below  12,500  lb,  correct  for: 

changes  in  spreading  loss  due  to  significant  deviations  in 
takeoff  path  resulting  from  nonstandard  takeoff  performance 

-  changes  in  source  level  due  to  deviations  from  rated 
propeller  rpm. 
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o  For  propeller  aircraft  above  12,500  lb,  in  addition  to  the  above, 
correct  for 

changes  in  air  absorption  loss  due  to  significant  deviations  in 
the  takeoff  or  approach  flight  path  from  reference  values. 

4.3.3  Noise  Metrics 

Perhaps  the  most  difficult  aspect  of  the  noise  certification  interface 
between  small  and  large  propeller-driven  aircraft  is  the  change  in  the  noise  metric 
(and  corresponding  limits)  from  maximum  A-weighted  noise  levels  in  Appendix  F  to 
effective  perceived  noise  levels  in  Appendix  C. 

Based,  in  part,  on  the  results  obtained  in  this  program,  it  has  been 
determined  that  just  one  noise  metric  -  sound  exposure  level  (i.e.,  time-integrated 
A-weighted  sound  levels)  -  could  be  used  for  noise  certification  of  all  propeller 
aircraft,  regardless  of  weight.  This  is  based  on  the  following  rationale: 

o  Current  state-of-the-art  in  sound  level  meosurements  is  well- 
advanced  and  makes  this  measurement  very  straightforward  and 
readily  accomplished  without  excessive  instrumentation  costs.  Air¬ 
frame  manufacturers  not  presently  equipped  with  such  instruments 
can  rent  them  or  hire  qualified  consultants  without  incurring  instru¬ 
ment  purchase  costs.  Data  analysis  would  certainly  be  much  simpler 
and  less  costly  than  with  the  use  of  the  EPNL  metric. 

o  The  sound  exposure  level  of  single  aircraft  flyby  events  is  a 
necessary  part  of  computing  the  composite  noise  index,  day-night 
average  level,  now  widely  used  for  defining  community  noise 
impact.  For  general  use  in  constructing  curves  of  sound  exposure 
level  versus  distance,  a  different  algorithm  would  be  required  to 
define  duration  corrections  at  large  distances  where  air  absorption 
losses  will  make  the  linear  time-scaling  model  employed  here  for 
noise  certification  measurements  no  longer  valid.  However,  the 
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latter  would  still  be  useful  to  provide  baseline  values  for  sound 
exposure  level  which  could  then  be  extrapolated  to  larger  distances 
with  a  suitable  nonlinear  time-scaling  model  (e^., 
ot  6  log  (Distance))  such  as  currently  being  considered  for  noise  vs 
slant  distance  data  for  jet  aircraft. 

o  The  vast  majority  of  oircroft  in  the  propeller  aircraft  fleet  have 
gross  weights  below  12,5001b  and,  as  considered  in  Appendix  D  of 
this  report,  are  believed  to  generate  approximately  50 percent  of 
the  total  noise  impact  created  by  all  general  aviation  aircraft.  Of 
the  remaining  50  percent,  the  vast  majority  of  noise  impact  will  be 
generated  by  business  jet  aircraft  leaving  only  a  small  portion 
attributable  to  propel  I  er-<lriven  large  aircraft.  Thus,  any  possible 
lock  of  precisian  in  the  certification  noise  metric  applied  to  large 
propeller  aircraft  is  considered  an  acceptable  trade  for  measure¬ 
ment  simplicity. 

o  Available  data,  such  os  summcrized  in  Table  21,  does  not  irdicate  an 
overwhelming  basis  for  rejecting  sound  exposure  level  as  a  reason¬ 
able  nneasure  of  human  response  to  propeller  aircraft  noise.  The 
data  in  Table  21  are  based  on  the  results  of  Ollerheod  on  subjective 
noise  rating  scales  for  piston  and  turboprop  aircraft.^^  He 
examined  the  relative  accuracy  of  various  noise  metrics  for  evalu¬ 
ating  human  response  to  recorded  flyby  test  sounds  from  34  piston 
aircraft  and  31  turboprop  aircraft.  The  relative  accuracy  is 
measured  by  the  standard  deviation  of  the  difference  between  the 
objective  (e.g.,  sound  exposure  level)  and  subjective  (judged 
noisiness)  measures  of  the  test  sounds.  Although  sound  exposure 
level  is  shown,  by  these  results,  to  be  the  least  accurate  of  the 
metrics  evaluated,  the  difference  between  the  least  and  most 
accurate  is  not  large. 
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Table  21 


Relative  Accuracy  of  Various  Noise  Metrics  in  Judging  the 
Noisiness  of  Propeller  Aircraft  Sounds 

(Data  from  Ollerhead,  Ref.  56) 


Noise  Metric - > 

Starxiord  Deviation 

n  Predi  cted  Noi  si  ness , 

dB 

*-^Max 

^AX 

PNL 

ipnl' 

PNLT 

EPNL 

34  Piston  A/C 

2.3 

2.7 

2.0 

1.8 

2.6 

B 

31  Turboprop  A/C 

3.5 

3.4 

2.8 

2.4 

3.2 

B 

All  Combined 

2.9 

3.0 

2.4 

2.1 

2.9 

B 

*  Time-Integrated  PNL 


o  Finally,  as  illustrated  in  Figure  29,  data  on  estimated  or  measured 
values  of  sound  exposure  level  at  1,000ft  for  propeller  aircraft, 
plotted  os  a  function  of  total  shaft  horsepower,  suggest  a  continuous 
and  reasonably  smooth  transition  from  small  to  large  aircraft.  This 
type  of  plot  can  also  be  considered  as  roughly  representing  the 
relationship  between  sound  exposure  level  and  maximum  gross 
weight  since  the  latter  is  closely  correlated  with  engine 
horsepower.^ 

4.3.4  Conversion  of  Effective  Perceived  Noise  Level  to  Sound  Exposijre  Level 

As  a  finol  part  of  treating  the  transition  problem  between  small  and  large 
aircraft,  it  is  desirable  to  consider  what  would  be  the  net  chonge  in  present 
certification  levels  for  large  propeller  aircraft  upon  being  converted  to  sound 
exposure  level.  One  example  of  such  a  converaon  is  illustrated  as  follows. 

According  to  Appendix  C  of  FAR  Part  36,  for  Stage  III  aircraft,  the 
minimum  noise  limit  on  takeoff  is  89  EPNdB,  effective  at  a  gross  weight  below 
44,673  1b  for  aircraft  with  more  than  three  engines  (or  below  106,250  1b  for 
aircraft  with  fewer  than  three  engines).  This  level  is  measured  at  a  distance  of 
6.5  km  (21,325  ft). 

Assuming  a  typical  large  propeller  aircraft  with  a  maximum  takeoff 
weight  of  45,000  lb,  a  takeoff  distance,  °50’  of  4,000  ft,  and  a  nominal  climb  angle 
of  6  degrees,  the  aircraft's  height  at  2.5  km  and  6.5  km  from  brake  release  would 


>osure  Level,  Normalized  to  1000  ft,  and  Total  Horsepower 
Aircraft  (data  from  References  6,  22,  52). 


be  about  490  ft  and  1,8^0  ff>  respectively.  The  difference  in  EPNL  at  these  two 
positions  would  be  expected  to  be  about  7  dB  so  that  the  EPNL  at  2.5  km  would  be 
about  89  +  7  =  96  EPNdB.  Correcting  for  the  difference  in  reference  time 
(I  second  vs  10  seconds)  between  L^^  and  EPNL,  assuming  a  2  dB  tone  correction 
in  EPNL  end  applying  a  typical  correction  of  -13  dB  between  A-weighted  levels 
and  perceived  noise  levels,  the  approximate  sound  exposure  level  at  2.5  km  can  be 
estimated  as  follows: 


Baseline  EPNL  (g  6.5  km 

= 

89  EPNdB 

Correction  for  Difference  in  Height 

= 

+7 

Correction  for  Difference  in  Time  Ref. 

= 

+  10 

Elimirxate  Tone  Correction 

-2 

Correction  for  Weighting  Function 

Estimated  L^^  2.5  km 

= 

91  dB 

The  data  shown  earlier  in  Figure  28  for  the  estimated  values  of  sound  exposure 
level  at  2.5  km  under  the  takeoff  poth  for  representative  propeller-driven  small 
aircraft  irxiicates  that  this  value  of  91  dB,  projected  downward  from  the  EPNL  for 
large  propeller  aircraft,  would  be  quite  consistent. 

Thus,  os  suggested  by  this  very  simplified  example,  it  should  be  possible  to 
remove  the  existing  discontinuity  between  Appendix  C  and  Appendix  F  limits  for 
propeller  aircraft  by  adopting  a  single  noise  metric,  measured  under  the 

takeoff  flight  path  at  2.5  km  without  changing  the  effective  constraint  placed  on 
the  allowable  source  noise  levels  by  either  of  the  current  regulations. 

Airplane  manufacturers  would,  of  course,  be  able  to  moke  reasonable 
estimates  of  their  anticipated  compliance  with  any  such  new  regulation  by 
employing  the  type  of  analysis  outlined  above  but  using  the  much  greater  precision 
possible  with  their  own  more  detailed  data  bases. 

This  section  should  not  be  ended  without  acknowledging  the  many  other 
studies  on  revising  current  propeller  aircraft  noise  certification  procedures.^  These 
include  considerations  of  takeoff  tests,  such  as  discussed  here,  use  of  sound 
exposure  level,  use  of  level  flyover  and  takeoff  tests  (with  allowed  trades),  and 
more  complex  schemes  for  defining  weight  and  aircraft  type  categories  for  noise 
certification. 
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4.4  Changes  in  Noise  Level  Limits 

The  preceding  analyses  have  considered  the  use  of  a  takeoff  test 
procedure  for  propeller-driven  small  aircraft  (except  cruise-optimized  fixed-pitch 
propeller  aircraft)  and  the  measurement  of  the  sound  exposure  level  at  a  position 

2.5  km  from  brake  release  using  the  1.2  m  microphone  height. 

4.4.1  Noise  Limits  Excluding  Cruise-Optimized  Fixed-Pitch  Aircroft 

Based  on  the  predicted  values  for  this  noise  level  shown  earlier  in 
Figure  28,  and  the  discussion  on  the  potential  for  noise  reduction  through  applica¬ 
tion  of  future  technology,  the  following  rationale  was  used  to  select  possible  noise 
certification  levels  based  on  these  concepts.  These  levels,  illustrated  in  Figure  30, 
are  intended  to  be  applicable  only  to  other  than  cruise-optimized  fixed-pitch 
propeller  aircraft. 

1.  Stage  0  certification  levels  allowing  all  current  aircraft  to  pass, 
under  this  new  procedure,  would  consist,  os  shown,  of  an  upper 
bound  to  the  data  in  Figure  30. 

2.  Stage  I  certification  levels,  corresponding  to  noise  levels  attainoble 
with  currently  available  technology  without  the  use  of  the  MNOP 
power  reduction  approach,  would  consist  of  an  upper  bound  for  the 
latter  type  of  oircraft.  As  indicated  in  Figure  30,  this  corresponds 
to  a  line  about  4  dB  below  the  Stage  0  levels. 

3.  Stage  2  certification  levels  would  represent  an  anticipated  further 
reduction  of  6  dB  in  Stage  I  levels  -  attainable  now  by  a  very  few 
models  but  expected  to  be  achievable  by  all  new  models  of  the 
propeller-driven  small  aircraft  fleet  upon  application  of  the  future 
technology  outlined  in  Section  3.  Timing  for  the  imposition  of  such 
levels  would  necessarily  have  to  reflect  the  need  for  the  further 
research  and  development  called  for. 

4.4.2  Noise  Limits  for  Cruise-Optimized  Fixed-Pitch  Aircraft 

For  cruise-optimized  fixed-pitch  propeller  aircraft,  the  takeoff  test  is  not 
necessary.  The  current  level  flyover  test  appears  to  be  the  only  practical  test 
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DISTANCE  FROM  BRAKE  RELEASE  «  8200  FEET 
O  FIXED  PITCH  PPOPELLER 
A  TESTED  AT  HNOP 
+  TESTED  AT  HCP  SINGLE  ENGINE 


Figure  30.  Ponible  Values  of  Sound  Exposure  Level  at  8200  ft  (2.5  km)  from  Brake 
Release  for  Noise  Certification  Takeoff  Tests  of  Propeller- Driven 
Small  Aircraft  Except  Cruise-Optimized  Fixed  Pitch  Propeller 
Aircraft. 
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procedure  suitable  for  such  aircraft.  However,  sound  exposure  level  could  be 
adopted  in  the  future  as  the  preferred,  but  possibly  optional,  noise  measurement 
metric  to  provide  consistency  throughout  the  propeller  aircraft  fleet.  Thus, 
reasonable  Stage  I  noise  certification  levels  for  such  aircraft,  in  terms  of  sound 
exposure  level,  could  be  defined  by  simply  applying  the  type  of  duration  correction 
outlined  earlier  to  existing  noise  certification  measurements  specified  in  terms  of 
maximum  noise  level. 

For  example,  based  on  this  program,  the  Cessna  I72P  aircraft  has  a 
maximum  gross  weight  of  2,400  lbs  and  a  corresponding  noise  certification  limit  for 
the  maximum  noise  level  at  1,000  ft  of  68  +  (2400- 1 320)/ 1 68  =  74.4  dB(A).*  Based 
on  the  flight  performance  observed  for  this  aircraft  in  level  flyover  at  1,000  ft 
(i.e.,  average  flight  speed  of  about  200  ft/sec),  the  corresponding  sound  exposure 
level  limit  would  be  about 

L^j^(limit)  ^  74.4  +  10  log,Q  [o.74  •  l000/200] 

-  80.1  dB(A) 

or  roughly  6  dB  above  the  present  noise  certification  limit  expressed  in  terms  of 
maximum  sound  level.  A  Stage  2  noise  limit  could  follow  the  same  logic  as  for 
variable  pitch  propeller  aircraft  -  namely,  a  6  dB  reduction  below  Stage  1  limits. 

4.4.3  Summary 

The  net  effect  of  such  an  evolution  in  noise  certification  limits  would 
tend  to  reduce  takeoff  levels  of  the  noisiest  aircraft  currently  in  the  fleet  by  10  dB 
and  reduce  by  about  6  dB  the  maximum  levels  generated  by  the  quieter  aircraft  in 
the  fleet  which  now  do  not  require  any  use  of  power  limitations  to  pass  current 
noise  certification  rules.  The  net  change  on  the  noise  impact  around  general 
aviation  airports  dominated  by  propeller  aircraft  would  be  very  substantial.  The 
total  area  enclosed  by  the  noise  contours  around  such  airports  would  be  expected  to 
reduce  by  5  to  7  times. 
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5.0  CONCLUSIONS  AND  SUMMARY 

An  analysis  of  noise  reduction  technology  that  can  be  applied  to  propeller- 
driven  small  aircraft  has  indicated  the  following: 

o  The  existing  FAR  Part  36  Appendix  F  regulation  has  been  effective  in 
ensuring  that  available  noise  control  technology  has  been  applied  to  the 
noise-certificated  portion  of  the  current  fleet  of  propeller -driven  small 
airplanes. 

o  The  level  flight  flyover  test  procedure,  os  required  by  the  existing 
regulation,  has  been  adopted  by  the  industry  as  the  sole  means  of 
optimizing  design  parameters  to  meet  noise  reduction  requirements. 
The  concept  of  MNOP  (Maximum  Normal  Operating  Power)  has  evolved 
as  a  means  of  meeting  noise  limits  in  cases  where  available  noise 
reduction  technology  is  otherwise  inadequate  for  the  level  flyover  tests. 

o  Assessment  of  current  technology  indicates  that  while  further  noise 
reductions  may  be  achievable  for  some  aircraft  models,  it  is  not 
sufficiently  versatile  to  accommodate  o  change  in  noise  limits  (for  all 
new  aircraft)  at  this  time. 

o  Propeller  design  technology  has  received  significant  research  effort 
during  the  past  5  years.  This  research  indicates  that  a  change  from  the 
current  designs  to  advanced  airfoil  and  optimized  planform  propeller 
blades  will  lead  to  improved  aerodynamic  performance,  reduced  fuel 
consumption,  and  reduced  retail  costs  of  propeller-driven  aircraft.  The 
potential  for  noise  reduction  of  future  aircraft  can  be  achieved  by 
utilizing  this  improved  aerodynamic  performance  in  an  optimization 
process  which  includes  noise  limitation  as  a  primary  constraint.  A  5  dB 
reduction  in  current  noise  limits  has  been  projected  to  be  a  practical 
future  objective,  based  on  current  flyover  test  procedures. 

Flight  tests  were  conducted  to  evaluate  new  possible  noise  certification  test 
procedures.  The  following  summarizes  the  results  of  this  evaluation: 

o  Propeller  aircraft  not  equipped  with  cruise-optimized  fixed-pitch 
propellers  tend  to  generate  higher  noise  levels  during  takeoff  than 
during  level  flyover  at  power  settings  currently  specified  for  noise 
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certification.  (Results  from  the  unique  series  of  tests  indicate  that  this 
difference  is  predictably  related  to  changes  in  the  rotational,  and  not 
helical,  tip  speed  of  the  propeller.)  Therefore,  takeoff  noise  tests  may 
provide  a  more  stringent  measure  of  aircraft  noise. 

o  The  models  reported  herein  to  account  for  source  level  changes  due  to 
rotational  tip  speed  of  the  propeller,  and  to  predict  duration  corrections 
at  distances  typical  of  certification  measurements,  provide  the  foun¬ 
dation  for  allowing  measured  sound  levels  on  tokeoff  or  level  flyover  to 
be  correlated  and  converted  from  maximum  sound  level  to  sound 
exposure  level  or  vice  versa. 

o  The  use  of  the  time- integrated  A-weighted  noise  level  (i.e.,  sound 
exposure  level)  is  applicable  as  a  universal  metric  for  noise  certifi¬ 
cation  of  all  propeller  aircraft,  regardless  of  gross  weight.  This  change 
would  provide  the  principal  basis  for  eliminating  the  current  cumber¬ 
some  discontinuity  in  noise  certification  requirements  at  the  12,500  lb 
gross  weight  limit  between  small  and  large  propeller  aircraft. 

o  Practical  takeoff  noise  limits  for  future  technology  propeller-driven 
small  aircraft  can  be  set  at  least  6  dB  below  current  state-of-the-art 
noise  limits  and  10  dB  below  levels  generated  by  the  noisiest  small 
propeller  aircraft  in  the  fleet  today. 

Consideration  of  the  sound  exposure  level  metric  should  be  based  on  its  ease 
of  measurement  with  existing  instrumentation,  its  consistency  with  the  currently 
applied  composite  noise  metric,  day-nic^t  average  noise  level,  *"dn’  and  its 
suitability  os  a  reasonable  predictor  of  human  response  to  noise,  not  unlike  the 
EPNL  noise  metric  currently  used  for  all  Iwge  jet  and  propeller  aircraft. 

Further  effort  would  be  required  in  order  to  refine  the  concepts  outlined 
herein  before  they  can  be  incorporated  into  noise  regulations.  However,  the 
overall  impact  of  their  application  should  simplify  noise  certification  procedures 
and  assist  in  motivating  the  development  of  economically  reasonable  and  tech¬ 
nically  feasible  advances  in  further  noise  reduction  of  propeller-driven  small 
aircraft.  Adoption  of  a  single  noise  metric  for  all  propeller  aircraft,  such  as 
discussed  herein,  can  also  be  expected  to  provide  a  F>ositive  influence  for 
stimulatir>g  environmentolly-compatible  growth  in  that  part  of  the  aviation  market 
near  the  current  interface  of  12,500  lb  gross  weight  between  small  and  large 
propeller  aircraft. 
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APPENDIX  A 


Federal  Aviation  Regulations,  Volume  HI,  Port  36 
(Noise  Standards:  Aircraft  Type  and  Airvv'orthiness  Certification) 

"Noise  Requirements  for  Propeller-Driven  Small  Airplanes" 


The  following  copy  of  FAR  Part  36  Appendix  F  is  presented  for  reference 
purposes  in  relation  to  the  contents  of  this  report.  This  copy  should  not  be  used  for 
ony  other  purposes  nor  should  it  be  considered  to  contain  all  relevant  amendments. 
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Appendix  F 

Noise  Requirements  for  Propeller-Oriven-Small  Airplanes 


part  a— general 

I  F36.1  Scop*.  This  api^ndix  presrril)e.s 
limiting  noise  le\els.  mul  i>rooe(liires  for  meas¬ 
uring  noise  and  correeting  noise  data,  for  tlie 
projieller  driven  small  airjvlanes  sjveeitied  in 
,5  36.1. 

PART  R—NOISE  MEASUREMENT 
I  F36.101  Goneral  test  conditions. 

(a)  The  test  area  must  Ive  relatively  flat 
terrain  having  no  excessive  sound  absorption 
characteristics  sucii  as  those  caused  In  tliick. 
matted,  or  tall  grass.  In-  shriilvs.  or  In-  woovled 
areas.  No  obstructions  which  significantly  in¬ 
fluence  the  sound  field  from  tlie  aii-[tlane  may 
exist  within  a  conical  space  above  tive  measure¬ 
ment  position,  the  cone  l»eing  defined  by  an 
axis  normal  to  the  ground  and  by  a  half¬ 
angle  7h  degrees  from  this  axis, 

(b)  The  tests  must  Ive  carried  out  under  the 
following  conditions; 

(1)  There  may  Ive  no  precipitation. 

(2)  Relative  humidity  may  not  Ive  liigher 
than  90  percent  or  lower  than  30  jvercent. 

(3)  Ambient  temiverature  may  not  Ive 
abov  e  86  degrees  F.  or  Ivelou-  41  degrees  F. 
at  33'  above  ground.  If  the  measurement 
site  is  within  1  n.m.  of  an  air|Mvrt  thermom¬ 
eter  the  aii’ivort  reportevl  teni|verature  may 
be  ii.sed. 

(4)  Rejvorted  wind  may  not  Ive  alxvve  10 
knots  at  33'  above  gi-ound.  If  wind  veloc¬ 
ities  of  inoi-e  than  4  knots  are  re[vorfed.  the 
flight  direction  must  be  a'igned  to  -within 
il.'v  degrees  of  wind  vlirecfion  and  flights 
with  tail  wind  and  head  wind  nvust  Ive  made 
in  equal  numbers.  If  the  nieasui'ement  site 

PART  86 
Ov.  • 


is  within  1  n.m.  of  an  airport  anemouipter . 
the  airjvort  reported  wind  may  be  n.sed. 

(5)  There  may  be  no  tem]>erature  invci 
sion  or  anomalous  wind  condition  that  would 
significantly  alter  the  noise  level  of  the  air¬ 
plane  when  tlie  noise  is  recorded  at  tlie  re¬ 
quired  measuring  point. 

(6)  The  flight  test  lu-ocediires.  measni  ing 
equipment,  and  noise  measurement  ju-on- 
dures  must  Ive  ajvproved  by  the  FAA. 

(7)  Sound  pressure  level  data  for  noi<e 
evaluation  purivose.s  must  be  obtained  with 
acoustical  equipment  that  coinjilie-  with 
SF.3C.103  of  this  appendix. 

I  F36.103  Acoustical  moanurement  system. 

The  acoustical  measurement  system  ivmst  con 
sist  of  approved  equipment  etpiivalent  to  the 
following ; 

(a)  A  microplione  system  with  freqiiencv 
resjvonse  comjvafible  with  measurement  and 
analysis  system  acctiracy  as  ivresciilved  in 
,5  FSO.HVv  of  this  a]v]vendix. 

(b)  Tripods  or  similar  microphone  mount 
ings  that  minimir.e  interferetice  with  the  sound 
being  measured. 

(c)  Rectvnlmg  and  repioduciiig  equipment 
characteristics,  freqiiency  resi>onse.  and  dy- 
uninic  range  compatible  with  the  i-esjvonse  and 
accuracy  reqviirements  of  S  F.3(i.l(i.v  of  this  ap 
Jvendix. 

(d)  Acoustic  calibratoi-s  using  sine  wave  or 
bfoadbaitd  noise  of  known  sound  pressure 
level.  If  broadhand  noise  is  used,  the  signal 
must  Ive  viescribed  in  terms  of  its  average  aivd 
innxiimim  root -mean-square  (rms)  vabie  for 
iionoverload  signal  level. 
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I  F36.105  Sensing,  recording,  and  reproduc¬ 
ing  equipment. 

(a)  Tlie  noise  i>ro(lu(p<l  liv  the  !iir|ilaiie 
must  be  leroisletl.  A  inaoiiPtie  tape  ipcoriler 
is  neeeiitablp, 

£(b)  Tlie  eliaiactei'istii'!-  of  tlic  -y-ieni  11111*^1 
e«niii>ly  with  the  |•eeolllnlellllat imi-  in  Intel 
national  Klec-tfoteehnical  ( '<tinini>'inn  (TKCl 
Puliliiiition  No.  ITSh  entitled  "l*ieei<ion  Sound 
I.evel  Metei'>"  a-  ineoi imrateil  by  refeictne  in 
Pan  36  tiiiiler  S3r..(l  of  tliis  Part  .'3 

(e)  Tlie  resiioiise  of  the  eoni]>lete  ~y-teni  to 
a  sensibly  plane  piooie—ive  simixiidal  wave 
of  eonslant  ainplitnde  mint  lie  within  the 
loleranee  limits  speeilied  in  IKC  I’lihlieaiion 
No.  IT'.h  dated  IftT-'l.  oier  the  fieijneti'  t  tan/^e 
4.0  to  ll.-Joo  Hz. 

(d)  If  limitations  of  the  dytiatni.  tatiee  of 
the  eipiipment  make  it  neees-att.  Ideh  fre- 
(juetiey  pre-entphasi.s  mnsi  he  a'lded  to  the 
recording  ohatmel  witli  the  coinetse  de-eto- 
phasi'  on  phiyliack.  'I'lie  pre  etuphasis  mn-i 
be  applied  sueli  that  the  iitstatitaneoin  reeonled 
sound  iire-sute  level  of  the  noi-e  viu|i;il  het«een 
SUO  and  ll.:2i'ii  Hz,  does  not  \at,\  more  than 
'2il  dli  between  the  itta.simnm  atid  niitiitnnm 
one-third  oetaxe  bands. 

(e)  If  requested  by  the  .\dministi afor.  the 
recorded  noise  sigttal  nnist  lie  reail  tliroiigli 
an  ".V"  filter  with  dynamic  characteristics  des¬ 
ignated  "slow."  its  defined  in  IKC  J’lihlication 
No.  17i>.  dated  1MT3.  Tlie  output  signal  from 
tlie  filter  must  lie  fed  to  a  rectitx  iinr  circuit 
with  Square  hn\  rectification,  inteirr.iied  with 
time  constants  for  charge  and  discharge  <if 
about  1  second  or  Mto  milli.'econds. 

(fl  The  equipment  must  lie  acoustically  cali¬ 
brated  using  facilities  for  acoustic  free-lield 
calibration  and  if  analysis  of  the  tape  reconl- 
ing  is  requested  by  the  .Vdministrator.  the 
.analysis  equipment  shall  Ik*  electronically  cali¬ 
brated  by  a  metluHl  apjiroved  by  the  F.\.V. 

(g)  A  windscreen  must  lie  employed  with 
the  microphone  during  all  measurements  of 
aircraft  noise  when  the  wind  s|>eed  is  in  eM'css 
of  C  knots. 


I  F36.107  Noise  measurement  procedures. 

(a)  Tlie  microiih'iiies  mii-t  lie  oriented  in  ii 
known  direi'tion  sd  that  the  iua\miimi  sound 
received  arrives  as  nearly  as  jiossihle  in  the 
direction  for  which  the  microphones  are  cab 
brated.  The  niicrophone  sen-ing  elcnicni- 
must  lie  appro\iniatcl\  J'  above  giomi'l. 

(li)  Immediately  jirior  to  and  afiei  each 
test,  a  reeonled  acou-i  ic  cabbratioii  of  ihe  s\s 
teiii  must  lie  made  in  the  field  witli  an  acoustii' 
calibrator  for  the  two  purposes  of  clie.-kiiiL' 
system  sensitivity  and  providing  an  acon-tn- 
reference  level  for  the  analysis  of  the  sound 
level  data. 

(c  )  Tlie  ambient  noi-e.  including  both  acoii- 
tical  liackgroimd  and  electrical  noise  of  the 
me.isiiremeni  svsi,nis.  niii-i  lie  recorded  and 
determined  in  the  te-i  area  with  the  system 
gam  set  at  level-  that  will  be  ii'cil  for  aircraft 
noise  mea-iiremeni'.  If  airi’iafi  sound  pre- 
siii'e  levels  do  not  exceed  the  bacKiMound  sound 
piV'Sure  lev  els  by  at  least  lo  ilPi  approved 
corrections  foi-  the  contribution  of  background 
sound  piysstire  level  to  the  ob-erved  sound 
pre-sure  level  must  be  applied. 

f  F36.109  Data  recording,  reporting,  and 
approval. 

(a)  Data  representing  physical  measure 
inents  or  corrections  to  measured  data  must  be 
recorded  in  |iermanenl  form  and  a(ipeiidefl  to 
the  record  except  that  corrections  to  measme 
ments  for  normal  equipment  resjionse  devia¬ 
tions  need  not  he  reportevl.  All  other  correc 
tions  mtist  lie  approved,  K-timates  must  be 
made  of  the  indiv  itlual  errors  inherent  in  each 
of  the  operations  emploved  in  obtaining  the 
final  data. 

(b)  Measured  and  corrected  sound  pressure 
levels  obtained  with  equipment  conforming  to 
the  specifications  descrilied  in  K;'.i'i.pi.’i  of  tlit' 
ai'pendix  inttst  be  reportevl. 

(c)  The  type  of  ei|uipnient  used  for  mea- 
iirement  ami  analysis  of  all  acvuistical.  airplane 
Iierformance.  and  meii'orological  vlata  must  l«' 
reported. 

t«I)  Tlte  following  atmospherit'  vlata.  mea- 
uml  immeilialely  liefore.  aftci.  or  vltiring  each 
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test  at  the  obserx .ition  points  presrrihed  in 
S  F36.101  of  tliis  :tpi<endix  niiisf  l>e  re]M)ire<l; 

(1)  Air  tenii)ei';itiiie  and  relative  hu 
midity. 

(2)  Maxintnin.  inininunn.  and  avera;re 
wind  \elo<-ities. 

(e)  ('omnienfs  on  local  topo^naphy.  frionnd 
cover,  and  events  that  miplit  interfere  with 
sound  recordin<rs  iinist  be  reiKirted. 

(f)  The  followin;.:  airi'lane  information 
must  lie  reported ; 

(1)  Tyi  le.  model  and  serial  ninniieis  lif 
any)  of  aiiplanes.  en^'ines,  and  pro)>ener~. 

Ci)  Any  laodilications  or  nonstandard 
e(|ni])iiieni  likely  to  ad'ect  the  noii-e  char 
acteristics  of  the  airjilane. 

|3)  Ma  ximnin  certificated  takeotl  wei^dii'. 

(-})  -Virspeed  in  knots  for  each  o\erlli;:lit 
of  the  measuriii;r  point. 

(.a)  En^'ine  i>erformance  in  terms  of  rev 
olnfions  per  minute  and  other  relevant 
parameters  for  each  overflifrlit. 

(6)  Aircraft  hei;:ht  in  feet  determined 
by  a  calibrated  altimeier  iti  the  aircraft,  aji- 
proved  photojrraiihic  tecimiipies.  or  approved 
trackin;:  facilities. 

(fr)  Aircraft  si>eed  and  jKisition  and  etipine 
perfonnance  iianuneters  niitst  Ive  recorded  at 
an  approved  samplin;!  rate  stifficient  to  ensure 
compliance  with  the  test  prcK-editres  and  con¬ 
ditions  of  this  api>endix. 

I  F36.1 1 1  Flight  procedures. 

(a)  Tests  to  demonstrate  compliance  with 
the  noise  level  reipiireinents  of  this  apjietidix 
nnist  include  at  least  six  level  flights  over  the 
meastirinp  station  at  a  hei;rlit  of  l.OOo  ±‘.\n 
and  It:  1(1  de;rrees  frotn  the  zenith  when  passin-r 
overhead. 

(b)  Each  test  over  flig’ht  must  be  con- 
dncted — 

(1)  At  not  less  than  the  hipliest  povvci 
in  the  norinal  o))eratin;r  ranoe  provided  in 
an  Airplane  Fli^rht  Manual,  or  in  any  com¬ 
bination  of  npprovcil  manual  material.  aj»- 
jn-oved  )i1acard.  or  approved  instrument 
marking's:  and 


CJ)  -Vt  stabiliycd  ^pccd  vvr.li  pi ! - 
sviK’hi  I  iiiizcd  and  with  llji’  an  plain  ii  ■  lui'c 
confimn  at  lull,  cvccpi  lii.ii  if  ihc  ^jmi  I  ai 
the  jtovvci'  'cttiii;.'  \irc-ci  d .cd  in  tin-  para 
fjraph  would  pxcci  .l  llw  inaM'nmii  -pci  d 
anthori/cd  in  lend  flii.dii.  a'•.■l■)^^al "d  ilmdii 
is  acceptahle. 

PART  C— DATA  CORRECTION 

i  F36.201  Correction  of  data. 

(at  Noi'C  data  oblaHaai  w  niii  I  ■  i-  Icinpcia- 
tiire  is  outside  ihc  raa;rc  «.)  I'S  d.  -nc-  ]■ 
defjrees  F..  or  tlic  rcla''\c  hnn  id  IV  bid'iW 
4(1  jiercent.  niii-i  be  cniii'.  icil  (■■  77  de;:icc-  K 
and  ”(•  jierceiit  rtdatiw  limaidiiv  l.i  a  iiie'hnd 
apprnvcil  hv  the  I'.V.V. 

th)  The  pel  f’lirmali' c  . 'p!  le- 1  cii,  pie-  iibp-d 
in  para<'iap!i  :  i- 1  ipI  tin-  -nti.  ■.  ini,-.  be  n-cd. 
If  mn-f  lie  dcierniincpl  b\  ibc  niciia'd  ih' 
scribed  in  ihi-  appiinl  s.  and.  mu-;  lie  avhh-'i 
alirebraii-allv  tn  the  mea-iireil  va'iie.  )t  - 
limited  fn  .'p  dRi  ), 

<c)  Till-  i>rrf":!  .iji  <■  p■<'.’'|■t‘l•! ippi;  iim-i  Ui 

eompiiied  by  nsiii;.'  (he  f'p|bpv' iiil'  I'ni  inpla. 


Where ; 

1).  — Takc'itl  di-l;ume  in  fee’  at  maximilln 
|•crlili■  ateil  (akentl  we.j.dit. 

K  ('  =  CeitiIii  ;ilcil  111 -:  rail'  I d ‘d “I pi  1  ifpiiil. 

V,  =Sjieed  for  bt-i  r.iie  of  climli  in  (he  same 
units  a-  rate  of  i  linil'. 

(d)  When  takeull  distaiiee  of  .'lO'  i-  i„ii 
listed  a-  a)>j>roved  pi  i  Cunn  ni'-e  i'lfniii  niun. 
the  tifriil'es  of  hn  -;iii;le  ciieiiie  ail- 

l>lnm's  and  ’JTi'd'  fin-  iiiiiiti-eiiLfinc  aiiplaiie- 
inust  1k'  used. 

I  F36.203  Validity  of  results. 

(a)  'I'he  lesi  le-iili-  nni-t  pmdnce  an  aver 
a}redR(.\l  and  itsim  [kovciii  contidence  Imnt-. 
the  noise  level  In-iny:  the  arithmei ic  avenm^e 
of  the  corrected  acoustical  iiic.i'iiienicnis  lor 
all  valid  test  runs  over  the  ineasiiriin.'  point. 
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(b)  The  siuiiiiles  imist  be  large  eiioiiph  to 
establish  statist K'allv  a  !HI  jieicent  confidence 
limit  not  to  exceed  dB(A).  No  test  re¬ 
sult  may  be  omitted  from  the  aieraging 
process,  unless  omission  is  apjiroved  by  the 
FAA. 

PART  D— NOISE  LIMITS 

I  F36.301  Aircraft  noise  limilf. 

(a)  ('ompliance  with  this  section  must  be 
shown  with  noise  data  measured  and  corrected 
as  pi-escrilied  in  1‘ai'ts  H  and  C’  of  this  ap¬ 
pendix. 

(b)  For  airplanes  for  whicli  application  for 
a  tyi)e  certificate  is  made  on  or  after  October 
10.  1973.  the  noise  level  must  not  exceed  68 
dllfA)  ui)  to  and  including  aircraft  weiglits 
of  l,.32o  pounds  (OoO  kg.).  Foi-  weiglits 
greater  than  1.3-2n  pounds  up  to  and  including 
3.ti3o  jiounds  (l.O.'jd  kg.)  the  limit  incieases 
at  the  rate  of  1  dll  Ki."'  iiounds  (1  dB  75  kg.) 
to  82  dB(A)  at  3.630  iKiunds,  after  which  it 
is  constant  at  h2  dll(.\)  up  to  and  including 


12.500  pounds.  However,  airplanes  produced 
under  tyi)e  certificates  covered  by  this  para 
grajdi  must  also  meet  paragraph  (d)  of  this 
section  for  the  original  issuance  of  standard 
airworthiness  certificates  or  restricted  category 
airworthiness  certificate-  if  those  airplanes 
have  not  had  flight  time  liefore  the  date  speci 
fled  in  that  ]>aragrnph. 

(c)  For  airplanes  for  which  application  for 
a  type  certificate  is  made  on  or  after  Januarj' 
1,  1975,  the  noise  levels  may  not  exceed  the 
noise  limit  curve  prescril>ed  in  paragrajdi  (b) 
of  this  section,  except  tliat  W)  dill  A)  may  not 
be  exceeded  at  weiglits  from  and  including 
3.30(i  jmunds  to  and  including  12.500  jioimds. 

(d)  For  airiilane.s  for  which  application  is 
made  for  a  standard  airworthine.ss  certificate 
or  for  a  restricted  category  airworthiness  cer 
tificate.  and  that  have  not  had  any  flight  time 
before  .Tanuary  1,  l9‘<o.  the  refiiiirements  of 
paragrai'h  (c)  of  this  section  apjdy.  i-egard 
less  of  date  of  aiijilication.  to  the  original  is'ii 
ance  of  the  certificate  for  that  aiiidane. 
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Description  of  Procedures  and  Results  of 
A  Demonstration  Flight  Test  Program  Performed  to 
Evaluate  Noise  Level  Measurement  Methods 


B.I  Introduction 

A  demonstration  fli^^t  test  program  was  performed  by  Cessna  Aircraft 
Compoiy  and  Wyle  Laboratories  on  September  14,  1981,  at  Sunflower  Airfield, 
Hutchinson,  Wichita,  Kansas.  This  program  was  designed  to  investigate  the 
viability  of  a  takeoff  test  method  for  noise  certification  of  propeller-driven  small 
airplanes  and  to  evaluate  methods  of  measuring  noise  levels  in  terms  of  various 
noise  metrics. 

Three  aircraft  were  utilized  in  the  test  program.  These  aircraft  were 
supplied  and  operated  by  Cessna  Aircraft  Company  and  comprised: 

o  A  Cessna  Model  402C,  twin  reciprocating-engined  aircraft. 

o  A  Cessna  Model  T2I0N,  single  turbocharged  reciprocating-engined 
aircraft. 

o  A  Cessna  Model  I72P,  single  reciprocating-engined  aircraft. 

Design  and  performance  information  for  these  aircraft  is  contained  in  Table  B-  I  of 
this  appendix. 

The  tests  were  performed  as  closely  as  possible  in  accordance  with  the  test 
plan  described  in  Section  B.2  of  this  appendix.  Variations  from  the  test  plan  were 
caused  by  delays  in  commencing  the  l-doy  program  due  to  heavy  ground  fog  at  the 
airfield,  intermittent  failure  of  radio  transceivers  at  the  test  site,  and  failure  of 
one  microphone  preamplifier  (which  could  not  be  replaced  without  further  delay  of 
the  compressed  flight  schedule). 

A  total  of  35  fli^t  tests  were  performed  during  the  program.  Sixteen  of 
these  flights  were  level  flyover  tests  at  conditions  which  simulated  the  current 
FAR  Part  36  App>endix  F  test  requirements,  14  flight  tests  were  takeoff  operations 
from  a  brake  release  marker  on  the  main  runway,  and  five  tests  were  simulated 
(best  rate  of  climb)  climbout  operations  with  an  objective  of  attaining  a  height  of 
l,(X)0  ft  above  a  primary  noise  measurement  station. 


As  described  in  the  test  plan,  flyover  noise  data  were  recorded  on  a 
two-channel  Nagra  IV  SJ  at  each  of  two  primary  noise  measurement  stations, 
located  at  2  km  (6,560  ft)  and  2.5  km  (8,200  ft),  respectively,  from  the  brake 
release  marker  and  on  the  extended  centerline  of  the  runway.  These  recordings 
were  of  noise  histories  measured  at  two  microphone  heists  (1.2  m  and  10  m)  at 
each  primary  station.  In  addition,  direct-read  instrumentation  was  used  to  obtain 
field  measurements  of  and  Integration  Time  from  the  10  m 

height  microphone  data  at  each  noise  measurement  station  (corresponding  to 
charviel  I  records  on  each  recorder,  as  identified  in  the  Data  Logs  shown  in 
Section  B.2  of  this  appendix). 

Subsequent  laboratory  analysis  of  the  records  obtained  from  the  1.2  m 
height  microphone  was  performed  using  the  seme  evaluation  method  (that  is,  by 
means  of  direct-read  instrumentation)  but  with  the  added  benefit  of  having  time 
history  traces  of  each  record  prior  to  the  evaluation.  All  data  acquired  during  the 
field  test  and  subsequent  analysis  programs  are  shown  in  Section  B.2  of  this 
appendix. 

A  review  and  discussion  of  the  procedures  and  results  of  the  fli^t  test 
program  is  presented  in  Section  4.2.1  of  this  report. 

B.2  Test  Plan 

Pages  B-4  through  B-13  contain  the  Test  Plan  developed  specifically  for 
the  flight  test  demonstration  and  noise  measurement  program.  The  contents  of  the 
test  plan  ore  os  follows: 
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1.0 

PURPOSE 

B-4 

2.0 

GENERAL  DESCRIPTION 

B-4 

3.0 

FIELD  TEST  REQUIREMENTS 

B-4 

4.0 

ACOUSTIC  MEASUREMENT  EQUIPMENT 

B-6 

5.0 

FLIGHT  PROCEDURES 

B-7 

6.0 

TEST  PROCEDURES 

B-8 

7.0 

DOCUMENTATION 

B-IO 

8.0 

MEASUREMENT  EQUIPMENT  AND  STAFF  ALLOCATIONS 

B-ll 
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(iii)  Temperature,  Orel 

(iv)  Relotive  humidity. 
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5.3  1000  Fool  Level  Fli^FlyoverTwl*  .  .  .  .  .. 

- - -  Ground  morkert  will  be  placed  ol  on  approved  broke  release  point  on  the 

As  f«r  OB  is  procticol,  the  level  fli^  flyover  test?  will  be  performed  in  rwnwoy  and  ot  eoch  of  the  doto  acquisition  locations,  including; 
accordance  with  procedures  described  In  FAR  Port  3d,  Appendix  F,  Sec¬ 
tion  F34i.l  1 1,  'F' li^t  Procedures.”  These  are  reproduced,  in  port,  as  follows 


let  the  recording  level  so  os  to  utilize  os  much  of  the  dynomic  range  ot  the  release  or  before  the  itart  of  a  1000  ft  flyover  se^nent  or  simulated 

recorder  os  practical.  These  settings  wilt  be  recorded  for  each  test  in  o  test  log  climbout. 
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o  nol  se  dot  a  record!  ng  engi  neer 
Equipment  ot  thii  site  will  comprise: 

Orte  BiK  2203  Sound  Level  Meter 

One  B&K  4l3<t  (l/2-inch) Microphone  ond  Adoplor 
One  Nogro  IV  SJ  Tope  Recorder 
One  1.2  m  microphone  support  stond 
Orte  miaophone  wirKiscreert 
One  B&K  4230  Cdibrotor 
Batteries  and  Mogietic  Tope 
•  Data  and  Record  Log  Sheets 

Coble  connection  from  BAK  2203  output  to  Nogro  IV  SJ  inpxjt 

8.1.3  Meteorolooicol  DotoStotion 

Tt»s  site  will  be  locoted  near  the  oirfield  rutwoy. 

Equipment  will  comprise; 

One  suitable  10  m  hei^t  meteorolo^col  station  copoble  of  providng 
data  in  accordance  with  Sections  3.3  and  £.3(d)  of  the  test  p>lon 

-  Data  Log  Sheets 


B.3  Test  Data 


The  following  test  data  were  obtained  during  the  flight  test  demonstration 
program; 

Table  B-2  summarizes  the  meteorological  data  measured  at  Sunflower 
Airfield  during  the  flight  test  program. 

Table  B-3  (4  sheets)  comprises  facsimile  copies  of  Aircroft  Dato  Sheets  as 
used  by  the  flight  crew  of  each  aircraft  during  the  tests. 

Table  B-4  (10  sheets)  comprises  the  Test  Data  Logs  used  at  each  primory 
noise  measuring  station.  That  is: 

Sheets  1-4:  Data  obtained  at  Measurement  Station  ("Alpha")  at  2.0  km 
from  the  runway  brake  release  marker. 

Sheets  5-10:  Data  obtained  at  Measurement  Station  CBaker*’)  at 
2.5  km  from  the  runway  brake  release  marker. 

Each  of  these  Test  Data  Log  Sheets  shows  the  time  of  day,  run  number, 
aircraft  type,  and  flight  profile  for  each  flyover  test.  Photographic  records  are 
identified  in  the  Test  Log  by  the  fli^t  number  and  the  estimated  aircraft  height 
over  the  measurement  station,  as  scaled  from  each  Polaroid  photograph. 
Recording  data,  shown  in  the  test  logs,  refers  to  Nagra  IV  SJ  Attenuator  Settings 
as  described  in  the  footnotes  to  each  log  sheet.  A  column  in  eoch  log  sheet  shows 
the  input  calibration  sound  pressure  level  (where  appropriate)  and/or  the  type  of 
Integrating  Sound  Level  Meter  used  to  obtain  the  direct-read  noise  data  from 
Channel  I  (lOm  hei^t  microphone).  One  B&K  22 1 8  sound  level  meter  wos  used  at 
the  2.0  km  (Alpha)  station,  whereos  at  the  2.5  km  (Baker)  station,  B&K  2218  and 
GR  1988  sound  level  meters  were  connected  in  parallel  to  provide  separate  noise 
level  readings  from  the  10  m  height  microphone  Input  to  Channel  I  of  the  Nagra. 

The  noise  data  shown  in  each  of  these  Test  Log  sheets  represent  the  levels 
read  directly  in  the  field  from  the  sound  level  meters  after  accounting  for  system 
attenuator  settings.  These  direct  read  values  are  subsequently  verified  by 
loboratcry  analysis  of  the  data  simultaneously  recorded  in  the  field  through  the 
same  microphone.  A  Bruel  &  Kjoer  2218  Integrating  Sound  Level  Meter  was  used 
for  this  laboratory  analysts.  These  data  were  measured  in  accordance  with  the 
procedures  specified  in  Section  6.2  of  the  Test  Plan  (Section  B.2  of  this  appendix). 
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Table  B-5  (10  sheets)  comprises  the  same  Test  Data  Log  format  as  was 
used  in  the  field  measurement  program.  However,  the  data  shown  in  Table  B-5  was 
obtained  by  subsequent  laboratory  analysis  of  the  tape-recorded  Channel  I  (1.2  m 
height  microphone)  time  histories.  A  Bruel  &  Kjaer  2218  Integrating  Sound  Level 
Meter  was  used  for  data  evaluations  in  oil  of  these  coses. 

Sheets  1-4  of  Table  B-5  apply  to  recordings  obtained  at  2  km  from  the 
brake  release  marker  (''Alph</'),  and 

Sheets  5- 10  apply  to  recordings  obtained  at  the  2.5  km  station  ("Baker”). 
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*0 

*0 

0 

UK 

J.* 

90.3 

70.* 

.025  4 

CR 

84.8 

89.S 

*9.8 

92s 

IS20 

l< 

T2I0N 

T/No. 

It 

B2* 

*0 

*0 

0 

BSK 

87* 

W.7 

7*.  5 

.029  h 

CR 

90.* 

m.i 

Tt.O 

102  s 

IS2S 

17 

niON 

T/No. 

17 

S*0 

*0 

*0 

0 

BSK 

87* 

93.* 

7S.0 

.020  4 

CR 

89.1 

92.9 

74.2 

73  s 

IS32 

16 

T2I0N 

TA4o. 

18 

*18 

*0 

*0 

0 

UK 

87.0 

92.5 

73.7 

.020  4 

CR 

87.9 

91.8 

73.1 

72  s 

Flirfit  Tat  Prejom  a*  5unfle»»er  4!rfi«ld.  Kg»a» 

Shd 

Doto  Anolv>i»  Log  (doto  recordtd  froT'  10  m  ht  migeptww)  — 

Pa>€i  »/U/Bl 

M<aiar«m«nt  Slatiani  Balar  92.Skfn  Tt  Ng;  M  5LM Typti BAK  22I8&C(^  I8B8 


Mic.  Typw;  (l)>ltf  (2)  «ltt 


Test  Oetviplien 

PhotoT’OfAlc 

Reoordinp 

CM. 

Direct-Rood  Doto  fChoTTwl  1) 

Aircraft 

rii^t 

Profile 

Photo 

1.0. 

E»t. 

ht. 

Attenuotor 

Setting 

Tope 

^moK 
del  A) 

l-o. 

dBA) 

dBA) 

Inte^. 

Time 

Tim* 

No. 

Type 

T/L/5 

No. 

»f») 

SLM 

h  c  hours 

C 

M 

V 

Se  secs 

IS38 

19 

T2I0N 

T/No. 

19 

S9I 

*0 

*0 

0 

UK 

BS.5 

92.0 

73.4 

.020  4 

CR 

87.5 

91 J 

72.* 

72s 

1*13 

20 

T2I0N 

LA*o. 

20 

1041 

*0 

*0 

0 

UK 

77.5 

84.5 

*7.2 

.0f<ih 

CR 

80.7 

D.7 

**.4 

52  s 

1*1* 

21 

T3I0N 

L/5o. 

21 

101* 

*0 

*0 

0 

UK 

78.5 

83.9 

70.8 

.005  4 

CR 

81.2 

D.I 

70.1 

19s 

1*19 

22 

T2I0N 

LMo. 

22 

1029 

*0 

30 

0 

B81K 

77* 

84.4 

*7.0 

.0154 

CR 

79.* 

0.0 

**.3 

5*s 

IC2 

23 

niON 

LAo. 

23 

101* 

to 

30 

0 

UK 

7*.0 

82.3 

*9.5 

.005  4 

CR 

78.* 

81.5 

*9.0 

17s 

1*37 

2* 

niON 

S/No. 

2* 

922 

a 

K 

0 

UK 

8*’ 

90.9 

74.0 

.013  4 

CR 

8*.7 

90.3 

73.1 

51  s 

B-24 


Sh.»t  9  of  10 


TobU  ft-4  (Continued) 

Flltftt  T»t  Pfo»(Tn  at  Sundonet  Airfiold.  Konn» 

EXrto  Anoirtii  Log  (doto  fecotdod  (tom  IQ  m  ht  migophones) 


Mnuromut  Stotiti  Bolf » t.SItw  TaceNg;  B-l  SLMTwie!  BtK  ai8&GR  HM 

Mic.  T>pes:  (I)  blt(  (2)  bitf 


Tiit  DeoCTiptiot 

PKoto^Ophic 

Record  ng 

Cd. 

Direct*Rood  Doto  (Chonrtei  t) 

Tim« 

Rif) 

No. 

AIrcroft 

Type 

Fli^t 

Profile 

TA.A 

Photo 

1.0. 

No. 

EP. 

ht. 

(ft) 

C 

Attenootor 

Setting 

M  V 

Tipe 

SLM 

^mc* 
da  A) 

*"0* 

dSA) 

'■eq 

dBA) 

IntOT^. 
Time 
h  »  hoor$ 
ts  secs 

itti 

25 

T2I0N 

S/No. 

25 

1082 

<0 

*0 

0 

B5K 

83.5 

88.< 

73.6 

.oil  h 

CR 

85.2 

88.8 

7I.< 

52  s 

ITII 

2i 

I72P 

T84o. 

2« 

539 

<0 

*0 

0 

B&K 

75.0 

8*.< 

<*.8 

.02<h 

* 

CR 

75.* 

83.8 

<*.9 

78  s 

I7li 

27 

172  P 

TMo. 

27 

<10 

<0 

X 

0 

B&K 

74.6 

8*.8 

<4.8 

.027  h 

CR 

75.5 

8U.2 

M.l 

88  s 

1721 

28 

172  P 

TMo. 

28 

552 

<0 

X 

0 

B&K 

75.* 

8*.  7 

<4.8 

.D2<h 

CR 

75.< 

83.9 

<4.0 

8<s 

1725 

28 

172  P 

TMo. 

28 

<28 

<0 

30 

0 

B&K 

7*.0 

83.8 

64.0 

.027  h 

CR 

75.8 

83.1 

<3.1 

88  s 

I73» 

30 

I72P 

LNo. 

30 

I0fi5 

<0 

30 

0 

7*.5 

83.* 

<5.4 

.01 7  h 

CR 

75.1 

82.< 

<4.0 

71  s 

Flitfit  Tett  Pfojan  ai  Sunfloetor  Airfield.  Kanea 

fDoto  Analysis  Loo  (data  recorded  front  tOm  ht  microohones) 

Dofei  - -  - - -  — ~ 

Meaicrentenf  Stefieni  Bater  e  2.S Itm  Tope  Ng;  B-l  SLM_T^.-B&K  SI8&  CR  im 

_  Mic.  Types:  dXiItt  (2)  bitt 


T«i*  Ooieripfias  Photo^ocMc  Reoordng  Ctd.  Diiect-ReodOoto  (Cbomel  0 


Tim* 

R\fi 

No. 

Airoroft 

Type 

Fli^t 

Profile 

T/L/S 

Photo 

1.0. 

Ng 

Ed. 

hf. 

(If) 

C 

Attertuofor 

Seflin^ 

M  V 

Tope 

SLM 

^moa 
da  A) 

*"o« 

daA) 

'■•q 

4BA) 

Inte^. 
Time 
h  m  hours 
•  •  wes 

17*3 

31 

I72P 

LAg 

31 

1028 

<0 

X 

0 

B&K 

7».D 

81.2 

«.< 

.008  h 

d 

CR 

75.* 

B.4 

*5.3 

32  s 

17*5 

32 

I72P 

UNe. 

32 

1028 

<0 

X 

0 

B5K 

75.0 

D.2 

<*.* 

.021  h 

CR 

7<.0 

82.* 

(3.5 

77. 

17*8 

33 

172  P 

LAg 

33 

1000 

«0 

X 

0 

BAK 

7k.8 

81.7 

(5.8 

.010  h 

CR 

7<.5 

n.8 

(4.8 

Xs 

imi 

3* 

I72P 

5^<g 

3* 

1000 

<0 

X 

0 

B&K 

<7.0 

K.2 

58.7 

.OXh 

CR 

<8.< 

7A8 

58.1 

85  s 

IB7 

35 

I72P 

S/Ne. 

35 

1077 

<0 

X 

0 

BAK 

<8.2 

m.f 

(l.( 

.023  h 

Toble  B-5 


Fli^t  Test  Pfoofom  at  lower  Airfield,  Kontos  Sheet  I  of  10 

Doto  Anolysis  Log  (dofo  recorded  frofn  \.2  m  ht  micfophooes) 


Dot«  9/14/BI 

Measurement  Station:  Aloha  ®  2.0  km 

Tooe  No.:  A- 

1 

SLM  Type;  B&K  2218 

Mic.  Typa;  (0  6136 

(2)6136 

Test  Oescriptton 

Photographic 

Recording 

Col. 

Tope  Anolyzed  Doto  (Choor.?'  2) 

Time 

Run 

No. 

Aircraft 

Type 

Flight 

Profile 

T/L/S 

Photo 

LD. 

No. 

Esf. 

ht. 

(ft) 

G 

Attenuator 

Settings 

M  V 

input 
Col .  or 
SLM 
Type 

^mox 

dB(A) 

*'ox 

dB(A) 

*■«<) 

da(A) 

Integr. 
Time 
h  s  hours 

1012 

Col. 

- 

- 

- 

- 

60 

30 

0 

94  dB 

(106) 

BAK  2218 

1126 

1 

602  C 

LAslo. 

1 

936 

60 

20 

0 

B&K 

- 

- 

- 

II3S 

2 

602  C 

L/So. 

2 

933 

60 

20 

0 

2218 

78.0 

83.5 

68.6 

.006  h 

1140 

3 

602  C 

L/No. 

3 

1068 

60 

20 

0 

2218 

77.0 

83.2 

66.1 

.OI4h 

II4S 

4 

402  C 

L/So. 

4 

988 

60 

20 

0 

2218 

77.5 

83.0 

68.7 

.007  h 

1148 

5 

602  C 

L/No. 

5 

1024 

60 

20 

0 

2218 

78.5 

66.2 

67.2 

.01 3  h 

1152 

6 

602  C 

L/So. 

6 

1008 

60 

20 

0 

2218 

78.0 

83.6 

67.1 

.012  h 

l(S6 

7 

602  C 

L/No. 

7 

996 

60 

20 

0 

2218 

78.5 

83.7 

66.3 

.015  h 

IIS9 

8 

602  C 

L/So. 

8 

1012 

60 

20 

0 

2218 

78.0 

87.6 

68.8 

.008  h 

1203 

9 

602  C 

L/No. 

9 

1061 

60 

20 

0 

2218 

77.0 

83.1 

66.5 

.01 3  h 

1401 

10 

602  C 

TA6o. 

10 

- 

60 

20 

0 

2218 

SS.0 

90.0 

am 

.020  h 

1608 

II 

602  C 

T/No. 

II 

619 

60 

20 

0 

2218 

83.0 

89.6 

70.7 

.021  h 

Note: 

Flight  Profiles: 

Attenuator  Settinos: 

Colibrotion: 

T  -  Takeoff,  L  -  Level  Flight,  S  -  Simulated  Climbout/Directioo;  No.  - 
G  -  Coin  Selector  (40,  60,  or  80  dS) 

M  •  Main  Attenuator  (10  d6  increments)  Nogro  >  Channels  1  and  2 

V  -  Vernier  Attenuator  (1  dB  increments) 

input  Colibration  Level  (dB)  or  SLM  type,  as  oppropriote. 

'iorth,  So.  -  Sooth 

Dote:  9/14/81 

Meosurement  Station: 

Doto 

Alpha  @  2.0  km 

Flight  Test  Progrom 

at  Sunflower  Airfield, 

Kansas 

2> 

£<;  B&K  2218 
(1)6136 

Sheet  2  of  10 

Anolysis  Log  (doto  recorded  from  1.2  m  ht  microphor^r 

TaoeNo..-A-l  SLM  Ty 

Mic.  Tj; 

(2)6136 

Tost  Description 

Photographic 

Recording 

Col. 

Tope  Anolyzed  Doto  (Channel  2) 

Time 

Run 

No. 

Aircraft 

Type 

Flight 

Profile 

T/L/5 

Photo 

I.O. 

No. 

E5t. 

ht. 

<ff) 

G 

Attenuoto: 

Settings 

M 

V 

input 
Col.  or 
SLM 
Type 

*"mox 

dB(A) 

•-ox 

dB(A) 

ed 

dBiA) 

Integr, 
Time 
h  s  hours 

1615 

12 

602  C 

T/No. 

12 

536 

60 

20 

0 

2218 

86.5 

90.0 

71.7 

.018  h 

- 

Col. 

- 

- 

60 

30 

0 

96  dB 

(106) 

- 

- 

Col. 

1621 

13 

602  C 

T/No. 

13 

676 

60 

20 

0 

B&K 

Bi.S 

68.6 

70.0 

.020  h 

1628 

14 

602  C 

T/hto. 

16 

678 

60 

20 

0 

2218 

82.0 

88.8 

70.0 

.021  h 

1636 

IS 

602  C 

T/No. 

15 

609 

60 

20 

0 

2218 

83.5 

89.8 

71.1 

.021  h 

IS20 

16 

T2I0N 

T/No. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

152$ 

17 

T2I0N 

T/No. 

17 

61$ 

60 

20 

0 

2218 

87  X) 

91.8 

77.9 

.006  h 

1532 

18 

T2I0N 

T/No. 

18 

656 

60 

20 

0 

2218 

87.0 

92.0 

75.8 

.oil  h 

IS38 

19 

T2I0N 

T/No. 

19 

389 

60 

20 

0 

2218 

87X> 

91.5 

75.1 

X>ll  h 

1*13 

20 

T2I0N 

LA*>. 

20 

1080 

CO 

20 

0 

2218 

Itlt 

21 

T2I0N 

L/5o. 

21 

1037 

60 

20 

0 

2218 

1619 

22 

T2I0N 

L/No. 

22 

1097 

60 

20 

0 

2218 

B-26 


Table  ^5  (Continued} 


Test  Pfoqrom  of  Sonflow»ef  Airfield,  Kansas  Sheet  3  of  10 

Doto  Anolysts  Log  (doto  recorded  from  1.2  m  hi  microphones) 

Date:  9/14/81 

Measurement  Stotiorn  Alpha  @2>0  km  Tape  No.;  A-2  SLM  Type:  B&K  2218 


Mic.  Types:  (1)4134  (2)4134 


Test  Description 

Photographic 

Recording 

Col. 

Tape  Analyzed  Data  (Chonnel  2) 

Time 

Run 

No, 

Aircraft 

Type 

Flight 

Profile 

T/L/S 

Photo 

I.D. 

No. 

Est. 

ht. 

(ft) 

Attefxxrtof 

Settir^ 

G  M  V 

Input 
Col.  or 
SLM 
Type 

^mox  ^Qx 
dB(A)  dB(A) 

*■«) 

dB(A) 

Integr. 
Time 
h  s  hours 

1622 

23 

T2I0N 

L/So. 

23 

t047 

60  20  0 

2218 

- 

- 

- 

1637 

24 

T2I0N 

S/No. 

24 

783 

- 

2218 

- 

- 

- 

Flight  Test  Progfom  of  Sunflower  Airfields  Konsoi  Sheet  4  of  1 0 

Doto  Analysis  Log  (doto  recorded  from  1,2  m  ht  mlcrophortes) 

Dote:  9/14/81 

M^asurfrwn^  Sfotion;  Afpho^ZOkm  Tope  No,:  A-2  SLM  Type;  B&K  2218 

Mic*  Types:  (1)4134  (2)  Faulty 


Test  Description 

Photographic 

Recording 

Col. 

Tope  Analyzed  Data  (Channel  2) 

Flight 

Photo 

Est. 

Attenuator 

Input 

*“mox 

‘■ox 

dB(A) 

'■eg 

dB(A) 

integr. 

Run 

Aircraft 

Profile 

I.D. 

ht. 

Settings 

Col.  or 

(e(A} 

Time 

Time 

No. 

Type 

T/L/S 

No. 

(ft) 

SLM 

h  s  hours 

C 

M 

V 

Type 

1641 

25 

T2I0N 

S/No. 

25 

906 

60 

20 

0 

B&K 

- 

- 

- 

- 

1711 

26 

I72P 

T/No. 

26 

401 

60 

20 

0 

2218 

- 

- 

- 

- 

1716 

27 

I72P 

T/No. 

27 

457 

60 

20 

0 

2218 

- 

- 

- 

- 

1721 

28 

I72P 

T.No. 

28 

427 

60 

20 

0 

2218 

- 

- 

- 

- 

1725 

29 

I72P 

T^^. 

29 

503 

60 

20 

0 

2218 

- 

- 

- 

- 

I73J 

30 

172  P 

L/No. 

30 

1045 

60 

20 

0 

2218 

- 

- 

- 

- 

1743 

31 

172  P 

L/So. 

31 

1010 

60 

20 

0 

2218 

- 

- 

- 

- 

1745 

32 

172  P 

L/No. 

32 

1052 

60 

20 

0 

2218 

- 

- 

- 

- 

174? 

33 

172  P 

L/So. 

33 

1046 

60 

20 

0 

2218 

- 

- 

- 

- 

1801 

34 

I72P 

S/No. 

34 

990 

60 

20 

0 

2218 

- 

- 

- 

- 

1807 

35 

172  P 

S/No. 

35 

1010 

60 

20 

0 

2218 

- 

- 

- 

- 

1825 

Col. 

. 

• 

94  dB 

B-27 


L 


Table  ft-5  (Cortlnued) 


Flight  Test  Progrom  o»  SunflonDer  Airfield.  Konsos  Sheet  5  of  1 0 

Dgto  Anolyiis  Log  (doto  recorded  from  1.2  rn  ht  microchones) 

Dote;  9/IV8I 

Megeufement  Stotion;  Boker  @2.5  km  Tcpe  No.;  B- 1  SLM  Type:  B4K  22 1 8 

Mic.  Types:  (I)4I6£  (2)4I££ 


Test  Description 

Photographic 

Recording 

Col. 

Tape  Anolyzed  Data  (Channel  2) 

Time 

Rim 

No. 

Aircraft 

Type 

Flight 

Profile 

T/L/S 

Photo 

I.D. 

No. 

Est. 

ht. 

(ft) 

G 

Attenootof 

Settings 

M 

V 

Input 
Col.  or 
SLM 
Type 

^mox 

dB(A) 

*-0* 

dB(A) 

*•*<5 

dB(A) 

Integr. 
Time 
h  s  hours 

0857 

- 

- 

- 

- 

- 

60 

40 

0 

94  dB 

(104) 

B&K  2218 

1126 

1 

402C 

L/No. 

- 

60 

40 

0 

a&K 

81.5 

86.5 

68.7 

.016  h 

II3S 

2 

402  C 

L/So. 

2 

905 

60 

40 

0 

B&K 

SI.5 

86.3 

71.7 

.008  h 

1140 

3 

402  C 

L/No. 

3 

1049 

60 

40 

0 

B&K 

78.5 

85.1 

67.3 

.016  h 

II4S 

4 

402  C 

L/So. 

4 

956 

60 

40 

0 

B&K 

79.0 

84.7 

70.7 

.006  h 

II4S 

s 

402  C 

L/No. 

- 

. 

60 

40 

0 

B&K 

80.5 

85.9 

68.5 

.015  h 

Flight  Test  Progrom  of  Sunflower  Airfield.  Koroos  Sheet  6  of  10 

Doto  Anolysis  Log  (doto  recorded  from  1.2  m  ht  microphones) 

Dote;  9/14/81 

Meosufement  Stotion;  Boker  @  2.5  km  Tope  No.:  B- 1  SLW  Type;  B&K  2218 

Mic.  Typee;  (I)4I6£  (2)4164 


Test  Description 

Photogrophic 

Recording 

Col. 

Tope  Analyzed  Doto  (Chonnel  2) 

Time 

Run 

No. 

Aircroft 

Type 

Fli^t 

Profile 

T/L/S 

Photo 

I.D. 

No. 

Est. 

ht. 

(ft) 

c 

Attenuator 

Settings 

M 

V 

Input 
Col.  or 
SLM 
Type 

^mox 

dB(A) 

>-g* 

d8(A) 

'“eq 

dB(A) 

Integr. 
Time 
h  s  hours 

IIS2 

6 

402  C 

L/So. 

6 

1000 

60 

40 

0 

B&K 

81.0 

86.0 

70.2 

.010  h 

MS6 

7 

402  C 

L/No. 

7 

1000 

60 

40 

0 

B&K 

80.0 

85.9 

68.1 

.016  h 

IIS9 

8 

402  C 

L/So. 

8 

1012 

60 

40 

0 

B&K 

79.5 

84.9 

70.7 

.007  h 

1203 

9 

402  C 

L/No. 

- 

- 

60 

40 

0 

B&K 

8I.S 

86.2 

69.S 

.OI3h 

1401 

10 

402  C 

T/No. 

- 

- 

60 

30 

0 

B&K 

83.0 

90.0 

71.4 

.020  h 

1408 

II 

402C 

T/No. 

- 

60 

40 

0 

B&K 

84.0 

90.5 

70.6 

.026  h 

B-28 

■■  _  iiliiiiiliMliillilllir’"’ 


Table  S-5  (Continued) 


Fll^t  T«it  Proorom  ot  Sundower  Airfiold.  Koneos  Sheet  7  of  10 

Poto  Anolyiii  Loa  (doto  recorded  from  1.2  m  ht  mlcfophones) 

Dote;  9/14/81 

Meowetnent  Stotiofn  Belcef  O  2.S  km  Tope  No.;  B- 1  SLM  Type;  B&K  2218 


Mic.  Typei:  (l)4l««  (2)4144 


Test  Description 

Photographic 

Recording 

Col. 

T<^  Analyzed  Doto  (Chonnel  2) 

Time 

Run 

No. 

Aircroft 

Type 

Fli^t 

Profile 

T/L/S 

Photo 

IXI. 

No. 

Est. 

ht. 

(ft) 

C 

Attenuotof 

Settings 

M 

V 

Input 
Col.  or 
SLM 
Type 

*‘mQx 

dB(A) 

•■ox 

dB(A) 

‘■eq 

dB(A) 

Integr. 
Time 
h  s  hours 

I4IS 

12 

402  C 

T/No. 

12 

740 

40 

40 

0 

B&K 

84.5 

90.4 

70.7 

.025  h 

1421 

13 

402  C 

T/No. 

13 

875 

40 

40 

0 

B&K 

82.0 

89.9 

70.1 

.025  h 

1428 

14 

402  C 

T/No. 

14 

935 

40 

40 

0 

B&K 

83.5 

89.7 

70.3 

.024  h 

1434 

15 

402C 

T/No. 

IS 

790 

40 

40 

0 

B&K 

85.0 

90.8 

71.2 

.025  h 

1520 

14 

T2I0N 

T/No. 

14 

824 

40 

40 

0 

B&K 

88.0 

93.3 

73.3 

.027  h 

1525 

17 

T2I0N 

T/No. 

17 

540 

40 

40 

0 

B&K 

87.5 

92.7 

74.1 

.020  h 

1532 

18 

T2I0N 

T/No. 

18 

418 

40 

40 

0 

B&K 

84.5 

92.2 

73.5 

.020  h 

Flioht  Teet  Proorom  ot  Sunflower  Airfield.  Konea  Sheet  8  ot  10 

Doto  Anolyiis  Loo  (doto  recorded  from  1.2  tn  ht  microphones) 

Dote;  9/14/81 

Meoiorement  Stotion;  Bohee  a  2.5  km  Tope  No.;  B-l  SLM  Type;  BAK  2218 

Mic.  Typee;  (1)4144  (2)4144 

Test  (Jescription  Photogrophic  Recording  Col.  Tope  Anolyzed  Doto  (Chomel  2) 


Time 

Run 

No. 

Aircraft 

Type 

Flight 

Profile 

T/L/S 

Photo 

IXI. 

No. 

Est. 

ht. 

(ft) 

C 

Attenuator 

Settings 

M  V 

Input 
Col.  or 
SLM 
Type 

•"mox 

dB(A) 

Lqj, 

dB(A) 

dB(A) 

Integr. 
Time 
h  B  hours 

1538 

19 

T2I0N 

T/No. 

19 

591 

40 

40 

0 

B&K 

85.5 

91.5 

72.9 

.020  h 

1(13 

20 

T2I0N 

L/No. 

20 

1041 

40 

40 

0 

B&K 

79X 

84.8 

47.4 

.014  h 

1414 

21 

T2I0N 

L/So. 

21 

1014 

40 

40 

0 

B&K 

81.5 

85.1 

72.4 

.005  h 

1419 

22 

T2I0N 

L/No. 

22 

1029 

(0 

30 

0 

B&K 

78.5 

84.4 

47X 

.015  h 

1(22 

23 

T2I0N 

L/So. 

23 

1014 

40 

30 

0 

B&K 

78X 

82.9 

70.1 

.005  h 

1(37 

24 

T2I0N 

S/No. 

24 

922 

to 

30 

0 

B&K 

83.5 

90.3 

73.0 

.015  h 

B-29 


Table  b-S  (Continued) 


Fli<»t  Toit  Pfoafom  at  Suntlo«r»er  Airfield.  Koneos  Sheet  9  of  10 

Ooto  Anolviie  Loa  (dota  recorded  from  1.2  m  ht  micfOBhonei) 

Dote!  9/lb/BI 

Meoeurement  Stotioni  Baker  @2.Skm  Tcpe No.i  S')  5LM  Type;  BAK  2218 


Mic.  Typet!  (l)4ISb  (2)4li« 


Tett  Oaecriptian 

Photographic 

Recording 

Col. 

T 9e  Analyzed  Data  (Channel  2) 

Time 

Run 

No. 

Alrcrofl 

T»9)e 

Fli^t 

Profile 

T/L/S 

Photo 

133. 

No. 

Est. 

ht. 

(ft) 

C 

Attenuatoi 

Settingi 

M 

V 

Input 
Col.  or 
SLM 
Type 

^■max 

dB(A) 

*'ax 

dB(A) 

eg 

dB(A) 

Integr. 
Time 
h  s  hours 

1641 

25 

T2(0N 

S/No. 

25 

1092 

60 

40 

0 

BAX 

83.0 

88.9 

71.4 

.015  h 

1711 

26 

172  P 

T/No. 

26 

539 

60 

40 

0 

BAK 

75.5 

84.9 

65.7 

.023  h 

1716 

27 

I72P 

T/No. 

27 

610 

60 

X 

0 

BAK 

74.5 

84.4 

64.4 

.028  h 

1721 

28 

I72P 

T/No. 

28 

552 

60 

X 

0 

BAK 

75.0 

84.3 

64.5 

.026  h 

1725 

29 

172  P 

TA*>. 

29 

628 

60 

X 

0 

BAK 

74.0 

83.5 

63.6 

.027  h 

1739 

30 

172  P 

L/No. 

X 

1045 

60 

X 

0 

BAK 

75.0 

83.0 

65.5 

.019  h 

Flight  Teat  Progrom  at  Sunflower  Airfield.  Komot  Sheet  10  of  10 

Dotg  Anolwie  Leg  (doto  recorded  (rom  1.2  m  ht  microchones) 

Dote:  9/14/81 

Meoeurement  Stotiont  Boker  a  2.5  m  TooeNo.!B-l  5LM  T ype;  BAK  22 1 8 


Mic.  Typee;  (l)4IS«  (2)4146 


Test  Oocription 

Photov’ophic 

Reoordfng 

Col. 

Tqoe  Analyzed  Doto  (Chonnel  2) 

Time 

Run 

No. 

Aircraft 

Type 

Fli^t 

Profile 

T/L/S 

Photo 

IJ3. 

No. 

Est. 

ht. 

(ft) 

C 

Attenuotoi 

Settings 

M 

V 

Input 
Col.  or 
SLM 
Type 

*"mo* 

dB(A) 

■-ox 

dB(A) 

dB(A) 

Integr. 
Time 
h  r  hours 

1743 

31 

172  P 

L/So. 

31 

1029 

60 

X 

0 

BAK 

753) 

81.1 

66.0 

.008  h 

I74S 

32 

172  P 

L/No. 

32 

1029 

60 

X 

0 

BAK 

74.5 

82.4 

63.9 

.019  h 

1749 

33 

172  P 

L/So. 

33 

1000 

60 

X 

0 

BAK 

753) 

81.6 

65.5 

.Oil  h 

1801 

34 

172  P 

S/No. 

34 

1000 

60 

X 

0 

BAK 

68.0 

80.0 

59.7 

.029  h 

1807 

35 

172  P 

S/No. 

3S 

1077 

60 

X 

0 

BAK 

69.0 

80.8 

61.2 

.025  h 

1836 

Col. 

- 

- 

- 

- 

60 

40 

0 

94.0 

(104) 

BAK  2218 

APPENDIX  C 


Example  Coses  of  Aircroft  Design  Noise  Analysis 
Based  on  Cessna  Aircraft  Sizing  Program 

Cessna  Aircraft  Company  participated  in  the  noise  control  technology 
assessment  part  of  this  program  and  performed  a  design  evaluation  of  three 
different  aircraft  models  by  means  of  their  Aircraft  Sizing  Program. 

The  noise  abatement  methods  studied  were  constrained  to  changes  in 
propeller  size  arxl  rpm,  using  the  some  blade  airfoil  (Clark  Y  or  RAF  6)  in  each 
aircraft  model  study. 

Four  design  parameters  were  investigated: 

1 .  Change  of  blade  number 

2.  Change  of  propeller  rpm 

3.  Change  of  propeller  diameter 

4.  Change  of  propeller  activity  factor 

These  design  parameters  were  varied  for  o  single-engined  (T2I0),  twin- 
engined  (4I4A),  and  twin  turbopropeller  (441)  aircraft  size.  In  each  analysis,  the 
range  of  parameters  was  limited  to  that  considered  to  be  technically  feasible  for 
the  aircraft  size.  The  primary  output  parameter  evaluated  by  the  program  was 
flyover  noise  level.  Secondary  parameters  (denoted  as  "constraints")  evaluated  by 
the  program  were 

o  Takeoff  distance, 

o  Rote  of  climb  at  sea  level, 

o  Rote  of  climb  at  altitude, 

o  Payload  range,  and 

o  Cruise  speed. 

Two  cost  factors  were  evaluated:  "DOC"  and  "Price."  However,  these  do 
not  reflect  the  actual  cost  of  implementing  the  changes  for  noise  control.  They 
ore  indications  of  market  value,  based  on  the  hypothetical  evaluation  of  the 
influence  of  performance  degradation  on  the  competitive  pricing  of  the  aircraft. 
Thus  a  lower  "price"  value  indicated  that  the  aircraft  would  need  to  be  sold  at  a 
lower  price  in  a  competitive  market. 
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The  above  evaluations  were  performed  for  a  total  of  555  cases,  comprising 
2,  3,  and  4  blade  propeller  designs  for  the  T2I0  and  4I4A  aircraft,  and  3  and  4 
blade  propellers  for  the  441  aircraft.  Three  different  rpm  cases  were  evaluated  for 
each  aircraft;  namely; 

2,400,  2,500  and  2,600  rpm  for  the  T2I0, 

2,500,  2,600,  and  2,700  rpm  for  the  4I4A,  and 
1,800,  1,900,  and  2,000  rpm  for  the  441  aircraft  size. 

The  following  example  cases  of  these  analyses  are  shown  in  this  apF>endix  for  the 
T2I0  single  engine  aircraft  only. 

Table  C- 1  2  Blades,  2500  rpm 
Table  C-2  2  Blades,  2400  rpm 
Table  C-3  3  Blades,  2600  rpm 
Table  C-4  3  Blades,  2500  rpm 
Table  C-5  3  Blades,  2400  rpm 
Table  C-6  4  Blades,  2500  rpm 
Table  C-7  4  Blades,  2400  rpm 

Each  table  consists  of  a  matrix  of  one  of  the  following  parameters 
according  to  the  propeller  diameter  (row)  and  blade  activity  factor  (column). 

Part  (a) 

o  Maximum  Noise  Level,  dB( A) 
o  Drog  Polar, 

o  Drag  Polar,  I /IT Ae 

o  Takeoff  Dist.  (D^q)}  ft 

o  Rate  of  Climb  @  Sea  Level,  ft/min. 

Part  (b) 

o  Rote  of  Climb  @  24,000  ft,  ft/min. 
o  Range,  n.mi. 

o  Cruise  Speed,  ktos 

o  Basic  Empty  Wei^t,  lb 
o  Required  Fuel  Capacity,  lb 
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Port  (c) 


o  Cruise  Efficiency  (Payload  Range) 
o  Time  to  Climb  (to  cruise  level),  min. 
o  Vy/V j  at  24,000  ft 

o  Average  Cruise  Speed,  ktas  (Payload  Range) 
o  V/V*  (Payload  Range) 

Part  (d) 

o  Fuel  Volume  Ratio 
o  Maximum  Speed  at  17,000  ft,  ktos 
o  Estimated  Price,  $ 

o  Estimated  Direct  Operating  Cost,  $ 


mrnmmmmmm 


Table  C-1 

WYLE  LABS  NOISE  STUDY  —  T?10,  ?  BLADES,  2500  RPM  MCP 


NOISJE  dBA 


Acti Mity 

Factor 

Prop 

Di-JMator 

85.0 

100.0 

115.0 

130.0 

75.0000 

76.4 

75.7 

75.1 

74 . 7 

eo .0000 

77.6 

77.1 

76.8 

76.3 

05.0000 

79.3 

78.9 

78.5 

78.3 

90 .0000 

81  .2 

81  .1 

81 . 0 

81 . 0 

95.0000 

84.0 

84.0 

84 . 0 

84 . 1 

Drag  Polar  Cdo 

Activity 

Factor 

Prop 

Dianeter 

85.0000 

100.0000 

115.0000  130.0000 

75. 0000 

0.0190 

0.0190 

0.0190 

0 . oiyu 

80 .0000 

0.0190 

0.0190 

0.0190 

0.0190 

05.0000 

0.0190 

0 . 0190 

0.0190 

0.0190 

70 .0000 

0.0190 

0  .  0190 

0 . 0190 

0.0190 

95.0000 

0.0190 

0.0190 

0.0190 

0.0190 

Drag  Polar  1/nAe 

Acti vi ty 

Factor 

Prop 

Di4»«et<-?r 

85.0000 

100 . 0000 

115.0000 

130 . 0000 

75 .0000 

0.0490 

0.0490 

0 . 0490 

0 . 0490 

80 . 0000 

0 .0490 

0.0490 

0 . 0490 

0 . 0490 

05.0000 

0.0490 

0.0490 

0.0490 

0 . 0490 

90 .0000 

0.0490 

0.0490 

0.0490 

0  .  0490 

95.0000 

0 . 0490 

0.0490 

0 . 0490 

0 . 0490 

TAKEOFF  DIST. 

ft  . 

Activity 

Factor 

Prop 

Oi.!i«eter 

85.0 

100.0 

115.0 

130 . 0 

75 . 0000 

3232 . 0 

2890.3 

2684 . 0 

253 1 . 1 

80 . 0000 

2673.8 

3492.7 

3356.0 

2239 . 4 

85.0000 

2375.1 

2254 . 3 

2172.7 

2127.3 

70 . 0000 

2364.3 

2333.5 

3319.8 

3216 . 0 

95.0000 

2390.3 

2398.4 

2425 . 7 

2458. 2 

ROC  8  SEA 

LEVEL 

f t/nin 

Activity 

Factor 

Prop 

Diartater 

85.0 

100.0 

115.0 

130.0 

75.0000 

571.2 

600.2 

624.9 

65?  .  6 

30.0000 

641 . 0 

658.3 

670.7 

636 .  S 

85.0000 

678.2 

695 . 1 

704.6 

699.3 

90.0000 

693.7 

684.8 

674.5 

661  . 6 

95.0000 

644.7 

627.4 

609.4 

591 . 1 

Part(a) 

t 
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Table  C-1  Continued) 

WYLE  LABS  NOISE  STUDY  —  T?10,  2  BLADES,  2500  RPM  HCP 


ROC  e  24000  ft  ft/nin 


Activity 

Factor 

Prop  Dieneter 

85.0 

100.0 

115.0 

130.0 

75.0000 

134.0 

155.4 

188.8 

239.6 

80.0000 

204.4 

288.1 

351  .6 

378.6 

85.0000 

36?.  3 

376.2 

381  .3 

401  .5 

90.0000 

386.9 

411  .2 

402.7 

395.6 

95.0000 

395.7 

393.4 

393.2 

388.4 

Range  -  NM 

Activity 

Factor 

Prop  Di-3neter 

85.0 

100.0 

115.0 

130.0 

75.0000 

0.0 

674.5 

727.1 

771 ,3 

80 . 0000 

755 . 1 

810 . 1 

840.7 

852.1 

85.0000 

847.8 

860.5 

867.0 

869.7 

90 . 0000 

866.4 

869 .  .6 

865.7 

861  .5 

95.0000 

859.4 

855.0 

849.9 

841 .6 

CRUISE  SPEED  KTAS 

Activity 

Factor 

Prop  Dirirtetar 

85 . 0 

100.0 

115.0 

130.0 

75.0000 

156.0 

170.8 

177.7 

181 .8 

80 . 0000 

181  .9 

187.2 

190.3 

192.1 

85.0000 

191  .5 

194.4 

195.7 

196.3 

90.0000 

1 95 . 9 

196.7 

196.6 

196.1 

95.0000 

195.9 

195.1 

194.2 

193.0 

Basic 

Enpty  Weight 

-  lbs 

Activity 

Factor 

Prop  Di.9«»?tGr 

85.0 

100.0 

115.0 

130.0 

75.0000 

??89 . 0 

2289 . 0 

2289.0 

2289.0 

80.0000 

2289 . 0 

2289 . 0 

2289.0 

2289.0 

85.0000 

2289.0 

2289.0 

2289.0 

2289.0 

90.0000 

2289 . 0 

2289 . 0 

2289 . 0 

2289 . 0 

95.0000 

2?89.0 

2289 . 0 

2289 . 0 

2289 . 0 

Required  Fuel  Capacit>> 

-  lbs 

Activity 

Fac  t  or 

Prop  Dieneter 

85.0 

100.0 

115.0 

130.0 

75.0000 

556.0 

556.0 

556.0 

556.0 

80.0000 

556.0 

556.0 

556.0 

556 . 0 

85.0000 

556.0 

556.0 

556.0 

556.0 

90.0000 

556.0 

556.0 

556.0 

556 . 0 

95.0000 

556.0 

556.0 

556.0 

556.0 

PorKb) 
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Table  C- 1  (Continued) 

WYLE  LABS  NOISfc  STUDY  —  T210»  ?  BLADES,  2500  RPh  MCP 


Cruise  efficiency  PAYLOAD 

RANGE 

Activity 

Factor 

Prop 

Dianeter 

85.00000 

100  .  ooooo 

115.00000  130.00000 

75.0000 

0.00000 

0.0305? 

0.03215 

0.03308 

80.0000 

0.033S4 

0.03474 

0 . 03555 

0.03594 

D5.0000 

0 . 0  5593 

0.03663 

0 . 03686 

0 . 03680 

90 . 0000 

0 . 0  3672 

0 . 03666 

0.03632 

0.03591 

95.0000 

0 . 0  5587 

0 . 03534 

0.03477 

0 . 03415 

Tine  to  Clinb  -  nin 

Activity 

Factor 

Prop 

Dianeter 

85.00 

100.00 

115.00 

130. 00 

75.0000 

1??.32 

97.46 

79.97 

65.10 

80.0000 

73.16 

56.67 

47.80 

44.60 

85.0000 

46.98 

44.17 

42.38 

40.83 

90 . 0000 

42.46 

40.59 

40.15 

39 . 65 

95.0000 

40.91 

40.09 

39.54 

39 . 45 

Uy/Vs  e  24000  ft 

Activity 

Factor 

Prop 

Dianeter 

85.000 

100.000 

115.000 

130 . 000 

75.0000 

1  .518 

1.437 

1.380 

1.327 

80.0000 

1,347 

1 .303 

1.257 

1  .261 

05.0000 

1 .292 

1 .247 

1.205 

1 .195 

90 . 0000 

1  .224 

1.212 

1.172 

1.133 

95.0000 

1  .  187 

1 .154 

1.132 

1 .106 

Average  Crui'ie  Speed 

KTASPAYLOAD 

RANGE 

Activity 

Factor 

Prop 

Dianeter 

85.0 

100.0 

115^.0 

130,0 

75.0000 

160.5 

167.0 

170.8 

172.7 

80.0000 

173.3 

176.6 

178.4 

179.2 

05.0000 

179.3 

180.8 

181  .3 

181 .2 

90.0000 

181 .0 

180  .8 

180 . 0 

179.0 

95.0000 

178.9 

177.6 

176.3 

174.8 

V/V«  PAYLOAD 

RANGE 

Activity 

Factor 

Prop 

Dianeter 

85.000 

100.000 

1 15.000 

130.000 

75.0000 

0.000 

0.766 

0.799 

0.817 

80.0000 

0.819 

0.842 

0.854 

0.862 

05.0000 

0 .859 

0.870 

0.874 

0 . 874 

90.0000 

0.872 

0.872 

0.869 

0.864 

95.0000 

0.862 

0.856 

0.849 

0.841 

Part(e) 
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Table  C-1  (Continued) 

WYIF  labs;  NOISt  STUDY  —  T?10,  2  BLADFB,  ?f.00  RPM  MCP 


Fuel  Uolune  Ratio 


Activity 

Factor 

Prop 

Diartoter 

85.000 

1  00.000 

115.000 

130 . 000 

7J-.  000  0 

P.641 

2.641 

2.641 

2.641 

80 . 0000 

2.641 

2.641 

2.641 

2.641 

85.0000 

P.641 

P.641 

2.641 

2.641 

90 . 0000 

2.641 

2.641 

2.641 

2.641 

95.0000 

P.641 

P.641 

2.641 

2.641 

MAX  SPFED 

KTAS  AT  17000  FT. 

Activity 

Factor 

Prop 

DiaMetsr 

85.000 

100.000 

1 15.000 

130 .000 

75. 0000 

174.897 

179.4P4 

181 .709 

1 8? . 768 

80 . 00 OU 

135.121 

187.094 

137.983 

188.320 

85.0000 

189.717 

190.706 

190.566 

190 . 003 

90 . 0000 

190.797 

190.178 

139.270 

188.288 

95.0000 

1PP.879 

187.594 

186, P04 

184 .889 

PRICE  EST. 

Activity 

Factor 

Prop 

DiaMstDr 

35 

100 

115 

130 

75.0000 

1 751 32 

177680 

178967 

179564 

80.0000 

130891 

182004 

182509 

1B2696 

85.0000 

183485 

184044 

183965 

183647 

90.0000 

184095 

183745 

183233 

182678 

95.0000 

18301? 

1 82P86 

18150? 

180760 

DOC  EST. 

Activity 

Far  tor 

Pr  op 

D  taneter 

35.0  0 

100 . 00 

115.00 

130.00 

75 . 0000 

116.04 

116.80 

117.19 

117.37 

80 . 0000 

117. 76 

118.10 

118.25 

118.30 

85.0000 

118.54 

118.71 

118.68 

118.59 

90 . 0000 

118.72 

118.62 

118.46 

118.30 

95.0000 

118.40 

118.18 

117.95 

117.7? 

Partid) 


C-7 


Table  C-2 


WYLE  LAH5:  NOISt  STUDY  —  T?10,  ?  BIADES,  2400  RF'M  MCP 


NOISC  dBA 


Activity 

Factor 

Pr  oj) 

OisMstGr 

85 . 0 

100.0 

115.0 

130 . 0 

7f,..  0000 

75,9 

75.? 

74.6 

74.2 

80.0000 

77.0 

76.5 

76.2 

75.7 

Uli.OOOO 

78.5 

78.1 

77,8 

77,5 

90 ,0000 

80.5 

80 . 1 

80 . 0 

80 . 0 

vr.  .0000 

82.8 

82.8 

82.8 

82.9 

Dr^>Q  Pol.^r  Cdo 

Activity 

Factor 

Prop 

Di.a«f?Ter 

83.0000 

100.0000 

115.0000 

130 . 0000 

7t» .  0000 

0.0190 

0.0190 

0.0190 

0.0190 

80 . 0000 

0.0190 

0.0190 

0.0190 

0.0190 

r-'vi  .00  00 

0.0190 

0.0190 

0.0190 

0  .  0190 

90 .0000 

0 .0190 

0.0190 

0.0190 

0.0190 

91.  .00  00 

0 .0190 

0 .0190 

0.0190 

0  .  0190 

Drag  Polar  1/itAe 

Prop 

Activity 

Far  t  or 

Di.sMeter 

85 . 0000 

100 . 0000 

115.00 00 

130 . 0000 

71. .  0000 

0 . 0490 

0.0490 

0 . 0490 

0  .  0490 

80 . 0000 

0 . 0490 

0 .0490 

0 . 0490 

0  .  0490 

S’o  .0000 

0 . 0490 

0 . 0490 

0.0490 

0  .  0490 

90 . 0000 

0 . 0490 

0.0490 

0.0490 

0 . 0490 

9S..0000 

0,0490 

0.0490 

0.0490 

0.0490 

r.AKEOFF  DI5T, 

ft , 

Ac  t i V i t  y 

Far  tor 

Pr  op 

DiaM5!tc?r 

83 . 0 

100 . 0 

115.0 

130 . 0 

7Ti.  0000 

3231 .5 

2889.5 

2683.0 

2530 . 2 

80,0000 

2671  .8 

2491 .3 

2355 . 1 

2238.6 

PIj.OOOO 

2374,? 

?Z-'53.4 

?171 .7 

2126.3 

90.0000 

2263.1 

2232 . 3 

2218,6 

2214.7 

Vb.OOOO 

2388.9 

?396 . 8 

2424,1 

2456.6 

ROC  e  3FA 

LEVEL 

f  t/fiin 

Activity 

Factor 

Prop 

Dia.ister 

35.0 

100.0 

115.0 

130.0 

7£..  0000 

478.0 

504.0 

524 . 9 

548.2 

00.0000 

539.6 

558 . 1 

566.6 

578 . 8 

C5.0000 

576 . 3 

592.4 

601  .2 

598.5 

90 . 0000 

599,2 

594.1 

586.1 

575.3 

95.0000 

569 . 3 

555.6 

541  .4 

526 . 3 

Table  C-2  (Continued) 


WYLE  LAtiS  NOISE  STUDY  —  T?10,  2  BIADES,  24  00  RPM  MCP 


ROC  e  24000  ft  ft/Min 


Prop  DiaMetor 
70.0000 
80 .0000 
f:N.  00  0  0 
90 .0000 
9C  .0000 


Prop 

7J..  .0000 
OO  .  0000 
Pi.  .0000 
90.0000 
9V..  .0000 


Prop  Oid.-'iQter 
7f. .  0000 
80,0000 
P5.0000 
90 . 00  0 0 
9f:.  .0000 


Prop  DidMOter 
7b  .0000 
00.0000 
iiT,  .0000 
90 .0000 
9b  ,0000 


Prop  DiaMt?tf.?r 
7b  .  0000 
80 .0000 
Bb.OOOO 
90 . 0000 
9b. 0000 


Activity  Factor 

8b.  0 

100.0 

115.0 

130.0 

1  8? .  b 

176.5 

184.7 

209.7 

169.3 

228.4 

296.6 

354 . 7 

321.9 

371.3 

378 . 6 

379.0 

376 . 0 

392.4 

413.9 

401.6 

4  0  6.0 

398.6 

396.8 

396,9 

Ranrj 

p  -  NM 

Activity 

Factor' 

8b.  0 

10  0.0 

115.0 

130.0 

0 . 0 

54?  .  3 

607 , 0 

660 ,9 

627 . 6 

701 .7 

747.  1 

775.5 

764 . 0 

789.9 

801  ,3 

B06 .9 

80.b.2 

812.2 

815,9 

813,0 

814.1 

811.9 

809.4 

805.8 

CRUISF  SPEED  KTAS 

Activity 

Fact  or 

85.0 

100.0 

115.0 

130.0 

0 . 0 

161  .3 

170 . 0 

175.1 

i  7:3 . 4 

181  .7 

185,3 

187.0 

187.1 

190 . 1 

191  ,6 

192.4 

192 . 3 

193.4 

193.7 

193.1 

193.3 

192.8 

191.8 

190.6 

Basic 

Empty  W:.?ight 

-  lbs 

Activity 

Factor 

85.0 

100.0 

115,0 

130 . 0 

??89 . 0 

2289.0 

2289 . 0 

2289 . 0 

2289 . 0 

2289 . 0 

2289 . 0 

2289 . 0 

2289.0 

2289 . 0 

2289 . 0 

2289 . 0 

2289 . 0 

2289.0 

2289 . 0 

2289. 0 

2289 . 0 

2289 . 0 

2289.0 

2289 . 0 

Re«iuirE?d  Fuel  Capacity  ~  lbs 

Activity 

Factor 

85 . 0 

100.0 

115.0 

130 . 0 

556 . 0 

556.0 

556.0 

556.0 

556 . 0 

556.0 

556 . 0 

556 . 0 

5b6 . 0 

556 . 0 

556.0 

556 . 0 

556 . 0 

556.0 

556.0 

556 . 0 

556 . 0 

556.0 

556.0 

556 . 0 

Part(b) 


Table  C-2  (Continued 


WYLE  LABS  NOISE  STUDY  —  T?10,  ?  BLADES,  2400  RPM  HCP 


Crui 


Prop  Dianetgr  8S. 00000 
7ti.0000  0.00000 

80.0000  0.03214 

StS.OOOO  0.0357? 
90.0000  0.037:52 

95.0000  0.03779 


Prop  OiaMrjter  85.00 

75.0000  P17.SS 

80.0000  122.31 

85.0000  65.75 

90.0000  53.27 

95.0000  49.38 


Prop  OiaMf?t!3r  85.0  00 
75.0000  1.575 

80.0000  1.389 

85.0000  1.278 

90.0000  1.232 

95.0000  1.205 

.Average?  Crui 


Prop  Dianater  85.0 

75.0000  166.0 

80.0000  183.5 

85.0000  191.9 

90.0000  196.2 

95,0000  196.8 


Prop  Diawoter  35,000 

75.0000  0.000 

80.0000  0.871 

85.0000  0.928 

90.0000  0.954 

95.0000  0.959 


Part(e) 


efficiency  PAYLOAD  RANGE 

Activity  Factor 
0.00000  115.00000  130.00000 

0.02850  0.03050  0.03175 

0.03393  0.03496  0.03557 

0.03670  0.037P6  0.0375? 

0.03790  0.03788  0.03766 

0.03753  0.03714  0.0367? 

Ti«e  to  Clinb  -  win 


Activity 

Factor 

100.00 

115.00 

130 . 00 

1 63 . ?7 

1P8.91 

10?. ?7 

39 . 57 

70.51 

58 . 46 

56.70 

53.36 

51  .?0 

50 .66 

48.50 

47 . 99 

48.38 

47.35 

46.57 

Vy/U'5  e  2^ 

iOOO  ft 

Activity 

Factor 

100.000 

115.000 

130.000 

1  . 5?5 

1  .446 

1 . 375 

1 .334 

1.294 

1  .240 

1  .26? 

1  .  ?3? 

1  .  186 

1  .204 

1.193 

1.152 

1  . 159 

1.135 

1.109 

ie  Speed 

KT.ABP.AYLOAD 

RANGE 

Activity 

Factor 

100.0 

115.0 

130.0 

174.3 

179.? 

18?.  1 

187.6 

190.0 

191.4 

194.? 

1 95 . 5 

196.1 

197.0 

197.0 

196.4 

196.1 

195.1 

194.0 

V/UX  payload 

RANGE 

Activity 

F  actor 

100.000 

115.000 

130 .000 

0.801 

0.844 

0.869 

0.902 

0.919 

0.928 

0.943 

0.951 

0.955 

0,960 

0.961 

0.958 

0,957 

0.951 

0 . 946 

C-10 


Toble  C-2  (Continued) 


WYLE  LABS  NOISE  STUDY  —  T?10,  2  BIADFS,  2400  RPM  MCP 


Fuel  Uolune  Ratio 


Activity 

Far  tor 

Prop 

Dia«f?tsr 

85.000 

100.000 

115.000 

130 . 000 

7t-.  0000 

2.641 

2.641 

2.641 

2.641 

80 . 0000 

2.641 

2.641 

2.641 

2.641 

Dl.  .0000 

2.641 

2.641 

2.641 

2.641 

90 . 0000 

2.641 

2.641 

2.641 

2.641 

Vb.OOOO 

2.641 

2.641 

2.641 

2.641 

M.AX  SPEED 

KTAS  AT  24000  FT. 

Activity 

Factor 

Pr  op 

Diameter 

85.000 

1  0  0.000 

115,000 

130 ,000 

7S . 0000 

0  .000 

161 . 035 

169.739 

174.803 

30.0000 

175. 13  ^ 

181 .393 

134.934 

186 . 661 

BU  .  00  00 

186.714 

189.706 

191.270 

19? . 047 

90 . 0000 

191  .909 

1 93 . 055 

193.294 

192.721 

9ti  .0000 

192.841 

192.401 

191.35? 

190 .208 

PRICE  EST. 

Activity 

Factor 

P  r  0  p 

tar 

85 

1  0  0 

115 

130 

7^'.  0000 

0 

1 67355 

172234 

1750P.0 

30.0000 

1 75265 

178739 

1807B5 

131760 

(!’r.  .000  0 

iei7P9 

183479 

184363 

18430? 

90 . 0000 

134721 

185372 

185507 

185183 

95.0000 

185251 

18500? 

184409 

183763 

DOC  EST. 

Activity 

Factor 

Prop 

DiaMattJr 

85.0  0 

100.00 

115.00 

130 . 00 

75.0000 

0.00 

113.7? 

115.18 

116.03 

80 . 0000 

116.03 

117.14 

117,73 

118,02 

Bb  .  00  00 

118.03 

118.54 

118,80 

118.93 

70 . 0000 

1 18.91 

119.10 

119.14 

1 19.05 

95.0000 

119.07 

118.99 

118.81 

118.6? 

Port(d) 


c-n 


Table  C-3 


WYIE  LAbS  NOIt;F  STUDY  —  T210,  3  BIADES,  2600  RPM  MCP 


NOISE  dBA 


Acti gity 

Factor 

Prop 

Di-JMeter 

85.0 

100.0 

115.0 

130,0 

7t>.  000  0 

78.0 

77.7 

77.5 

77.2 

80 . 0000 

80.0 

79.8 

79.6 

79.4 

Oli.OOOO 

82.4 

82.3 

82.3 

82.2 

90 .0000 

85.3 

85.4 

85. 4 

85,5 

9;.  .0000 

88.7 

88.9 

89.0 

89.1 

Draq  Polar  Cdo 

Ac  t iv i t y 

Factor 

Pr  op 

D  tart:?  ter 

85.0000 

100.0000 

115.0000 

130 . 0000 

*9  k-.  O  A  n  #1 

7v.i  .  O  0  0  0 

0 . 0190 

0 .0190 

0 . 0190 

0.0190 

00.0000 

0.0190 

0.0190 

0 . 0190 

0 .0190 

P<t>.0000 

0.0190 

0.0190 

0.0190 

0.0190 

90 . 0000 

0.0190 

0 . 0190 

0 .0190 

0.  0190 

95.0000 

0 .0190 

0 .0190 

0.0190 

0 .0190 

Drag  Polar  1/nAe 

Activity 

Factor 

Prop 

DiaMr?ter 

85.0000 

100.0000 

115.0000 

130 . 0000 

75.0000 

0 . 0490 

0.0490 

0.0490 

0.0490 

OO  .  0000 

0 .0490 

0.0490 

0 . 0490 

0  .  0490 

85.0000 

0.0490 

0 . 0490 

0.0490 

0 . 0490 

90 . 0000 

0.0490 

0.0490 

0.0490 

0  .  0490 

95.0000 

0.0490 

0 . 0490 

0 . 0490 

0 . 0490 

TAKEOi-F  DIST. 

ft  . 

Activity 

F  a  c  1 0  r 

Prop 

DiaMetar 

85.0 

100,0 

115.0 

130,0 

75.0000 

2736.7 

2610.5 

2521 .0 

2448.4 

30.0000 

2532 . 2 

2455 . 4 

2421 . 7 

2407.3 

85. 0000 

2508.4 

2501.6 

2504.7 

2518.9 

90 . 0000 

2675 . 0 

2710 . 4 

2745. 7 

2785.5 

95.0000 

3033.2 

3096.2 

3153.2 

3213.0 

ROC  fi?  -SEA 

LEVEL 

f t/nin 

Activi t  y 

Factor 

Prop 

Oiawatar 

8-5 . 0 

too .  0 

115.0 

130.0 

75.0000 

838.2 

846.5 

841  .2 

841.2 

80.0000 

847.1 

850.6 

850 . 1 

836.4 

85.0000 

835.7 

819.9 

804.5 

787.6 

90.0000 

772 . 8 

750 . 7 

730 . 4 

710. a 

95.0000 

676.8 

651.8 

631  .4 

611 .8 

2 


Table  C-3  (Continued) 


WYtE  LAHS  NOISE 

STUDY  —  T?10,  3  BLADES^  2600  BPM  MCP 

ROC  8  24000  ft 

f t/rtin 

Activity 

Factor 

Prop 

Di  a»iet;?r 

85.0 

too  .0 

115.0 

130.0 

7S. 0000 

322.4 

395 . 2 

415.5 

406.4 

80 . 0000 

410,8 

412.2 

426. 4 

417.8 

f.b.OOOO 

429.7 

404.9 

387.4 

376.5 

90.0000 

383 , 0 

369 .9 

351 , 3 

316.7 

V’v-.QOOO 

326.3 

288.4 

257.7 

229.3 

Range  -  NM 

Acti vity 

Factor 

Prop 

Oi.a«3ter 

85.0 

100 . 0 

115.0 

130.0 

7f- ,  0000 

762.5 

791 .1 

797.9 

79B.6 

80.0000 

811  ..3 

816.9 

818.6 

Q13.3 

f.J,.  .0000 

822.9 

816.1 

809.3 

803.5 

70 . 0000 

808.2 

800 . 7 

791 .5 

779.3 

Vf.  .0000 

781  .9 

766.4 

752.6 

738.2 

CRUISE  SPEED  KTAS 

Activity 

Factor 

Prop 

Oia«r?tar 

85.0 

100.0 

115.0 

130.0 

7t. .  0000 

198.0 

202.6 

205.4 

206.9 

80 . 0000 

208.8 

211.0 

212. 1 

212.5 

t!f.i.0000 

213.4 

213.6 

212.8 

212.1 

70 . 0000 

213.0 

212.1) 

210.8 

209.6 

9*5. 0000 

210.4 

208,7 

207.1 

205.6 

Basic 

EMpty  Weight 

-  lbs 

Activity 

Factor 

Pr  op 

Diawc?  tar 

85.0 

100.0 

115.0 

130.0 

7t.  .0000 

2289 . 0 

2289 . 0 

2289 . 0 

2289 . 0 

80 . 0000 

2239 . 0 

2289 , 0 

2289 , 0 

2289.0 

f!£/.0000 

2209. 0 

2289. 0 

2289 . 0 

2289 . 0 

90 .0000 

2289.0 

2289 , 0 

2289 , 0 

2289.0 

9?..  .00  00 

2289.0 

2289.0 

2289.0 

2289.0 

Requirecl*Fuel  Capacity 

~  lbs 

Activity 

Factor 

Prop 

OiaMster 

85.0 

100.0 

115.0 

1.50,0 

7b. 0000 

556.0 

556.0 

556 . 0 

556.0 

30 . 0000 

556. 0 

556.0 

556.0 

556.0 

C5.0000 

556 . 0 

556.0 

556 . 0 

556.0 

90.0000 

556.0 

556.0 

556.0 

556.0 

9li.0000 

556 . 0 

556 .  C 

556.0 

556.0 

Part(b) 

C-13 

WYLE  I  APS  NOISE  STUDY  —  7210,  3  BLADES,  2P00  RPH  HCP 


Cruise  efficiency  PAYLOAD  RANGE 

Activity  Factor 

Prop  Dianeter  85.00000  100.00000  115.00000  130.00000 

75.0000  0.034M  0.03553  0.03597  0.03617 

80.0000  0.03742  0.03773  0.03773  0.03747 

85.0000  0.03821  0.0379?  0.0375?  0.03711 

90.0000  0.03747  0.03692  0.03633  0.03578 

95.0000  0.03603  0 . 035?8  0.03457  0,0339? 

Tine  to  Clinb  -  «in 


Activity  Factor 


Prop 

OiaMster 

85.00 

100.00 

115.00 

130 . 00 

75.0000 

45.85 

38.4? 

36 . 87 

36 . 5? 

:30 . 0000 

36 .  !35 

35.74 

34.82 

34.97 

85.0000 

34.97 

35.56 

36.00 

36 . 25 

90 . 0000 

36.56 

36.90 

37.71 

39.60 

95.0000 

39.88 

42.?? 

44.57 

47.40 

Vy/Vs  e  24000  ft 

Activi ty 

Fac  tor 

Prop 

Diaweter 

85.000 

100.000 

1 15.000 

130 . 000 

75.0000 

1  .314 

1  .  ?56 

1  .  ?56 

1 .21? 

30 . 0000 

1.246 

1.196 

1 .186 

1.156 

85.0000 

1  .?01 

1  . 155 

1 .121 

1  .100 

90 . 0000 

1 .142 

1  .11.6 

1.091 

1 .057 

95.0000 

1  . 106 

1  . 074 

1.034 

1.011 

Average  Croi 

•5©  SpeefI 

KTASPAYLOAD 

RANGE 

Activity 

Factor 

Prop 

Diaweter 

85.0 

100.0 

115.0 

130.0 

75.0000 

189.3 

191  .5 

1 9? .  5 

193.0 

30 . 0000 

196.2 

197.0 

196.9 

196.2 

85.0000 

198.1 

197.3 

196.? 

195.? 

90.0000 

196.2 

194.8 

193. 4 

192.1 

95.0000 

192.6 

190.7 

189.0 

187.4 

V/V«  P.AYLOAD 

RANGE 

Activity 

Factor 

Prop 

Dianeter 

85.000 

100.000 

115.000 

130.000 

75.0000 

0.915 

0.930 

0.936 

0.939 

80 . 0000 

0.955 

0.960 

0.961 

0.958 

85.0000 

0.967 

0.963 

0.958 

0 . 95? 

90.0000 

0.958 

0.950 

0.942 

0.936 

95.0000 

0.938 

0  .9?8 

0.918 

0.910 

Part(c) 


Table  C-3  (Continued) 

WYLE  LAH£;  NOISE  STUDY  —  T?10,  3  BLADES,  2600  RPh  MCP 


Fuel  Uolune 

>  Ratio 

Activity 

Factor 

Prop 

Dia«!3ter 

85.000 

100.000 

115.000 

130 . 000 

7S.OOOO 

3.641 

2.641 

2.641 

2.641 

80 . 0000 

2.641 

2.641 

2.641 

2.641 

S5.U000 

2.641 

2.641 

2.641 

2.641 

90 . 0000 

2.641 

2.641 

2.641 

2.641 

9fi.00  0fl 

2.641 

2.641 

2.641 

2.641 

MAX  SPEED 

KTAS  AT  17000  FT. 

Act  1  vit  yi 

Factor 

Pr  op 

Diart!?Ter 

85.000 

100 . 000 

115.000 

130 , 000 

7t».  0000 

197.280 

198,486 

198. 91 5 

198.717 

30 . 0000 

201 .834 

201,738 

200.900 

199.980 

S'J.OOOO 

201  .760 

200.621 

1 99 . 648 

198.510 

90 .0000 

199.219 

197.749 

196.206 

194.BBB 

VJji.OOOO 

195.417 

193.467 

191.685 

190 . 029 

PRICE  EST. 

Activity 

Factor- 

Prop 

D  idMet«r 

!35 

100 

115 

130 

7t> .  0000 

1  P.7762 

188445 

188688 

188576 

30 . 0000 

190370 

19028!) 

189812 

189291 

t!J..OOOO 

190300 

189655 

189103 

188458 

90 , 0000 

1H8860 

188027 

187199 

186408 

95j.  00  0  0 

186708 

185605 

184597 

183661 

DOC  EST. 

Activity 

Fac  tor 

Prop 

D  lawater 

85.00 

100.00 

115.00 

130.00 

7t..  0000 

119.8? 

120.02 

120.09 

120.06 

30 . 0000 

120.59 

120,57 

120.43 

120.27 

e^..oooo 

120 .57 

120,38 

120.2? 

120 .02 

90 . 0000 

120.14 

119.90 

119, 65 

119.41 

95.0000 

119.50 

119.17 

118.87 

118.59 

Part(d) 


C-15 


Table  C-4 


WYLE  LAhSi  NOlSf  8TUI>Y  ~  T?10,  3  BLADES,  ?500  RPM  MCP 


NOISE  dBA 


Prop 


Prop 


Prop 


Prop 


Prop 


Activity  Factor 


Diawater 

85.0 

100 . 0 

115,0 

130.0 

7t..fl000 

77.7 

77.4 

77.3 

76.9 

80.0000 

79.6 

79.5 

79,3 

79.1 

85.0000 

81.9 

81 .8 

81  ,P 

81  .8 

90 . 0000 

84.7 

84.7 

84.  B 

84.9 

95.0000 

88.0 

88.1 

88,3 

88,3 

Dra<3  Polar  Cdo 

Activity 

Factor 

DioMeter 

85.0000 

100.0000 

115.0000 

130 . 0000 

75.0000 

0.0190 

0.0190 

0.0190 

0.0190 

130 .0000 

0.0190 

0 .0190 

0.0190 

0 . 0190 

85.0000 

0.0190 

0 . 0190 

0.0190 

0,0190 

90 . 0000 

0.0190 

0.0190 

0.0190 

0 . 0190 

95.0000 

0 . 0190 

0 . 0190 

0.0190 

0.0190 

Drag  Polar  t/nAe 

Activity 

Far  t  OP 

Di-aM<?ter 

85,0000 

100.0000 

115.0000 

130 . 0000 

75.0000 

0 . 0490 

0.0490 

0.0490 

0.0490 

80 . 0000 

0.0470 

0.0490 

0 . 0490 

D . 0490 

85.0000 

0,0490 

0 . 0490 

0.0490 

0 . 0490 

90 . 0000 

0,0490 

0.0490 

0  .  0490 

0  .  0490 

95.0000 

0,0490 

0.0490 

0.0490 

0 . 0490 

TAKEOFF  DISr. 

ft . 

Activity 

Far  tor 

OiaMetar 

85.0 

100.0 

115.0 

130.0 

75.0000 

?59P . 8 

3467 . 0 

3376,8 

3303.6 

80 . 0000 

3385 . 1 

3306.7 

3258 , 4 

33.39.6 

C5.0000 

33.32.7 

3330 . 8 

3319.3 

3335.9 

90.0000 

3466.0 

3490.3 

3518.9 

3551  .7 

95.0000 

3766 . 5 

3819.0 

3866 . 7 

3916.9 

ROC  8  SFA 

LEVEL 

f  t/«in 

Activity 

Factor 

Diametar 

85.0 

100.0 

115.0 

130.0 

75.0000 

634,0 

618.1 

613.6 

614.0 

80.0000 

633.1 

633 . 9 

615.. 3 

601  .5 

85.0000 

613.5 

599.1 

586.0 

571  .7 

90.0000 

569.0 

551  .5 

536.4 

531 . 2 

95.0000 

501  .3 

483.4 

467.0 

452.1 

Part(a) 
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Table  C>4  (Continued) 


WYLE  LAHS  NOIBfc 

STUDY  —  T?10, 

3  BLADES 

,  2500  RPM  MCP 

ROC 

8  24000 

ft 

f t/«in 

Pr  op 

Activity 

Factor 

Oianeter 

85.0 

100  .  0 

115.0 

130.0 

7^. 0000 

?45.9 

315.5 

362,7 

371.0 

30 . 0000 

368.9 

359.7 

365. 4 

378,0 

e:;:i.oooo 

379.3 

368.9 

345.8 

331.2 

90 . 0000 

343.3 

332.1 

319.9 

293.7 

95.0000 

312.1 

275 . 5 

241. 7 

214.7 

Rang 

5?  -  NM 

Prop 

Di-HMeter 

Activity 

F  a  c  1 0  r' 

85.0 

100 . 0 

115.0 

130.0 

75 . 00  00 

79?.f: 

829.4 

847.2 

848.0 

80 . 0000 

365 .  .6 

867.8 

867.3 

864.1 

f!5 .0000 

875.6 

868.7 

859.5 

851 .2 

90 . 0000 

358 . 0 

847 , 9 

837.6 

825.5 

V5. 0000 

829.6 

811.4 

794.6 

777.2 

CRUISI^  BREED  KTAS 


Activi ty  Factor 


Prop 

Di.3Metf3r 

85.0 

100.0 

115.0 

130,0 

75. 0000 

188.4 

191  .8 

193.3 

194.1 

HO  .0000 

197.0 

198.4 

1 98 . 6 

198.3 

85,0000 

200.0 

199.4 

198,4 

197,5 

90.0000 

193.4 

197.0 

195.7 

194.3 

95 .0000 

194.9 

192.9 

191  .2 

1 89 . 5 

Basic 

Empty  Weight 

-  lbs 

Activity 

Fac  tor 

Pr  op 

DiaMt?t!?r 

85.0 

100,0 

115.0 

130.0 

75.0000 

2289.0 

2289.0 

2289 . 0 

2289.0 

30 . 0000 

2289 . 0 

2289 . 0 

2289 . 0 

2239 . 0 

85.0000 

2289.0 

2289.0 

2289.0 

2289 . 0 

90 . 0000 

2239.0 

2289 , 0 

2289 , 0 

2289,0 

95.0000 

2289. 0 

2289.0 

2289.0 

2289 . 0 

Required  Fuel  Capacity 

-  lbs 

Activity  1 

Fac  t  or 

Prop 

Diameter 

85.0 

100.0 

115,0 

130.0 

75.0000 

556 . 0 

556.0 

556 . 0 

556 . 0 

80 . 0000 

556.0 

556.0 

556 . 0 

556 . 0 

85.0000 

556.0 

556 . 0 

556.0 

556 . 0 

90.0000 

556.0 

556.0 

556.0 

556.0 

95.0000 

556 . 0 

556.0 

556.0 

556 . 0 

ParKb) 
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Table  C-4  (Continued) 

WYLE  LAJiS  NOISE  STUDY  ~  T?10,  3  BLADES,  2500  RPM  HCP 


Croi-5e  efficiency  PAYLOAD  RANGE 


Prop  Dianeter 
75.0000 
80 . 0000 
05.0000 
90 . 0000 
95.0000 


85.00000 
0.03509 
0.03741 
0 . 03790 
0 .0368P 
0 . 03480 


00.00000 
0 . 03570 
0.03765 
0.03751 
0.03603 
0.03395 


Actiwit 
15.00000 
0.03506 
0.03737 
0.03690 
0 . 03537 
0.03309 


y  Factor 
130.00000 
0.03501 
0.03696 
0.03646 
0.03471 
0 . 03??9 


Tifte  to  Clinb  -  nin 


Prop 


Prop 


Prop 


Prop 


Ac t i Mi t y  Factor 


Diaiteter 

85.00 

100 . 00 

115.00 

130 . 00 

75. 0000 

63.77 

51  ,B4 

45 . 73 

44.60 

30 . 0000 

45.41 

44.24 

43.03 

42,16 

£’.5.0000 

42.59 

42.60 

43.30 

43.71 

90 . 0000 

43 . 75 

43 . 95 

44.43 

46.02 

95.0000 

45 . 74 

48.23 

50.83 

54,06 

9y/V«r,  e  24000  ft 

ActiM j  ty 

Fac  tor 

Diartgtsr 

85.000 

100.000 

115.000 

130 .000 

75.0000 

1  . 3?? 

1.268 

1 .232 

1 .231 

80.0000 

1  .260 

1 .193 

1.172 

1 .160 

85.0000 

1  .  193 

1 .159 

1  .  lie 

1  .  091 

70.0000 

1 .130 

1.108 

1.084 

1  .  060 

95,0000 

1  .  105 

1  .070 

1.04? 

1 .018 

Avsraqf?  Crui 

•36  Speed 

KTASPAYLOAD 

R.ANGE 

Activity 

Factor 

Dianeter 

35.0 

100.0 

115.0 

130.0 

75. 0000 

177.6 

178.8 

179.0 

17B.9 

80.0000 

183. 1 

183.2 

182.5 

181.6 

85.0000 

183.9 

182.8 

181  .6 

180.3 

90.0000 

181  .3 

179.5 

177.7 

176.2 

95.0000 

176.7 

174.5 

172.4 

170.5 

V/V»  PAYLOAD 

RANGE 

Activity 

Factor 

Diameter 

85.000 

100.000 

1 15.000 

130 . 000 

75.0000 

0.847 

0.858 

0 .861 

0 .861 

80.0000 

0 . 833 

0.835 

0 . 832 

0.878 

B5.0000 

0.891 

0.885 

0.B7B 

0.872 

90.0000 

0.876 

0.867 

0.858 

0.849 

95.0000 

0.850 

0  .838 

0.826 

0.815 

Port(c) 
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Table  C-4  (Continued) 


WYLE  LAKE;  NOJ£;t  STUDY  —  12*10,  3  BLADES.  ?500  RfM  MCP 


Prop  Dl^Mrjter  85,000 

75.0000  ?.641 

80,0000  3.641 

85.0000  3.641 

90.0000  3.641 

95.0000  3.641 


Prop  85,000 

7E-.000  0  186.358 

80.0000  191.369 

E:5.00  00  IV^.O^l 
90.0000  190.010 

V5,0000  186.371 


Prop  0  i.  .s  M  r;*  t  i?  r  ,‘3 :  j 

75.0000  181588 

80.0000  184419 

ti'c-.OOOO  18''.799 

90.0000  183651 

V5.0000  181540 


Prop  l)i.9M:?t*?r  35.0  0 

75.0000  117.97 

30.0000  118.83 

et.1.00  0  0  118.93 

90.0000  113.59 

95.0000  117.96 


Part(d) 


Fuel  Volune  R.3tio 

Activity  Factor 
100.000  115.000  130.000 

3.641  3.641  3.641 

3.641  3,641  3.641 

3.641  3,641  3.641 

3.641  3.641  3.641 

3.641  3.641  3,641 

M.4X  SPEED  KTAS  AT  17000  FT. 

Activity  Factor 
100.000  115.000  130.000 

186.903  186.998  186.773 

190.858  189,835  188.828 

190.837  189.617  188.530 

iea.340  186.993  185.576 

184.433  182.630  180.936 

PRIL:i:'.  FST, 

Activity  Factor- 
100  115  130 

181896  181950  181833 

184130  18355.2  183983 

184113  183438  183815 

182707  181946  181147 

1B0503  179480  178531 

DOC  EST. 

Activity  Factor 
100.00  115.00  130.00 

I18.O6  118.08  118.04 

118,73  118.56  118.39 

118,73  118.53  118.34 

118.31  118,08  117,84 

117. 6E:.  117,34  117.06 
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Table  C-5 


WYLE  LftliS  NOISE  STUDY 


T?tO,  3  PLAD^S,  ?400  RPM  MCP 


NOISE  dBA 


Prop 


Pr  op 


Prop 


Prop 


Prop 


Act j  wity  Factor 


Dia«3ter 

85.0 

100 . 0 

115.0 

130.0 

7b. 0000 

77.? 

76.9 

76.7 

76.5 

80.0000 

79.1 

78.9 

78.8 

78.6 

Ob, 0000 

81  .? 

81 . 1 

81 . 1 

81.2 

90 . 0000 

83.8 

83.8 

83.9 

84.0 

9b. 0000 

86.8 

87.0 

87. 1 

87.2 

Drag  Polar  Cdo 

Activity 

Factor 

Dianeter 

85.0000 

100.0000 

115.0000 

130 . 0000 

7b. 0000 

0 .0190 

0 .0190 

0 .0190 

0 .0190 

80 . 0000 

0 .0190 

0.0170 

0 .0190 

0 .0190 

Ub.OOOO 

0.0190 

0 . 0190 

0.0190 

0 . 0190 

90 .0000 

0 .0190 

0.0190 

0 . 0190 

0 . 0190 

9b. 0000 

0.0190 

0 . 0190 

0.0190 

0 .0190 

Drag  Polar  l/i«Ae 

Activity 

Factor 

Dlirteter 

85.0000 

100.0000 

115.0000 

130 . 0000 

7b. 0000 

0 . 0490 

0.0490 

0 . 0490 

0.0490 

80 .0000 

0 .0490 

0.0490 

0 . 0490 

0 . 0490 

8b  .00  00 

0.0490 

0 . 0490 

0.0490 

0 . 0490 

90 .0000 

0 . 0490 

0.0470 

0 . 0490 

0 . 0490 

9b. 0000 

0.0490 

0 . 0490 

0.0490 

0 . 0490 

T.AKEOFF  DISr. 

ft . 

Activity 

Factor 

Oiafieter 

85.0 

100.0 

115.0 

130.0 

7b. 0000 

?b91 .7 

?46b . 9 

2375 . 7 

2301 .5 

80.0000 

2384.0 

2305.. S 

2257 . 2 

2238 . 4 

8b. 0000 

2331.4 

2319.4 

2317.9 

2324 . 5 

90.0000 

2461.5 

2488.7 

2517.3 

25.50 . 0 

9b. 0000 

2764.6 

2817.0 

2864.6 

2914.7 

ROC  8  SEA 

LEVEL 

f t/Min 

Acti vi ty 

Factor 

Diawoter 

85.0 

100.0 

115.0 

130 . 0 

75.0000 

525.9 

522.4 

514.5 

513.2 

80.0000 

523 . 6 

522 . 9 

516.5 

501  .8 

85.0000 

519.9 

507.1 

495.2 

481  .7 

90.0000 

490.0 

475.  4 

462 . 3 

449.0 

95.0000 

442.0 

426.1 

412.8 

399.9 

Part(a) 
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Table  C-5  (Continued) 

WYI  E  NOJSE  STUDY  —  T?10,  3  PLAPES,  2^00  RPM  MCP 


ROC  e  24000  ft  ft/Min 


Activity 

Factor 

Pr  op 

Diameter 

65 . 0 

100.0 

115.0 

130,0 

7t«.  0000 

213.4 

265 . 4 

319.4 

362.7 

BO  .  0000 

361 .7 

373.3 

356 . 3 

358 . 8 

Df.  .0000 

362.7 

377.9 

364 . 0 

337.0 

90 . 0000 

359.5 

337,8 

327 , 3 

313.7 

9t.  .0000 

328 . 7 

312.6 

279,6 

247,4 

Rang 

e  -  NM 

Activity 

Far  t  or 

Prop 

Diane  tf?r 

85.0 

100.0 

115.0 

130 . 0 

7t:. .  000  0 

679.9 

72£; .  5 

763 . 2 

7VB,3 

80.0000 

792.7 

801 . 0 

802.5 

aoi  ,2. 

£!t.  .0000 

814.3 

812.7 

807.5 

79R  .9 

90 . 0000 

810.4 

80,?.  1 

795 .  h 

7. '19 . 0 

9^.0000 

794.6 

784.7 

772 , 1 

758 . 2 

. 

CRUIBE  SPEED  KTAS 

Activity 

Factor 

Prop 

Dianeter 

85.0 

100.0 

115.0 

130,0 

7b. 0000 

181 ,9 

185.3 

186.7 

1 87 . 2 

80 . 000(1 

191 .8 

193.1 

193.4 

193.3 

Ui-l.  00  0  0 

196,3 

195.  B 

194.8 

1 93 . 7 

90.0000 

195.6 

194.2 

193.1 

191  .7 

9b  .0000 

192.7 

190.7 

189.2 

187.5 

Basic 

Enpty  Weight 

-  lbs 

Acti vi ty 

Factor 

Prop 

Dianetpr 

85.0 

100,0 

115.0 

130 . 0 

7b . 0  0  0  0 

2289.0 

2289.0 

2289.0 

2289 . 0 

80.0000 

2289 . 0 

2289.0 

2289 . 0 

2289 , 0 

85.0000 

2289 . 0 

2289 . 0 

2289.0 

2289 . 0 

90.0000 

2289 . 0 

2289.0 

2289 . 0 

2289 . 0 

95.0000 

2289.0 

2289.0 

2289 . 0 

2289 . 0 

Required  Fuel  Capacity 

-  lbs 

Activity 

Far.  t  or 

Prop 

Dianeter 

85.0 

100 . 0 

115.0 

130.0 

75.0000 

556 . 0 

556.0 

556 . 0 

556 . 0 

60.0000 

556.0 

556 . 0 

556.0 

556 . 0 

65.0000 

556 . 0 

556.0 

556 . 0 

556 . 0 

90.0000 

556.0 

556.0 

556.0 

556 . 0 

95,0000 

556.0 

556.0 

556.0 

556 . 0 

Part(b) 
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Table  C-5  (Continued) 

WYLE  I  AH9  NOISE  STUDY  —  T?10,  3  BLADES,  2400  RPM  MCP 


Cruise  ef'f iciency  PAYLOAD  RANGE 


Prop  DiaM^ter 
?&. 0000 
SO . 0000 
St.  .0000 
90.0000 
9t.  .0000 


Activity  Factor 
100.00000  115.00000 
0.03544 


85.00000 
0.03394 
0.03/34 
0.03891 
0.03860 
0 . 03749 


0 . 03497 
0.03778 
0 . 03868 
0 . 03809 
0.03678 


0 . 03786 
0 . 03829 
0 . 03757 
0.0361? 


130.00000 
0 . 03560 
0 . 03769 
0.03788 
0 . 03704 
0 . 03549 


Tine  to  Clinb  -  win 


Prof)  Dianeter  85.0  0 

75.0000  99.97 

30.0000  57.53 

85.0000  53.07 

90.0000  52.. 16 

95.0000  53.58 


Proij  Dianeter  85.000 

75.0000  1.369 

80.0000  1.238 

85.0000  1.184 

90.0000  1.146 

95.0000  1.106 

Average  Crui. 

Prop  Oianeter  85.0 

75.0000  187.9 

80.0000  195.8 

85.0000  199.6 

90,0000  198.8 

95.0000  195.9 


Activity 

Factor 

100.00 

115.0  0 

130.00 

78.17 

63.70 

55 . 95 

54.86 

53.85 

5^2 , 69 

51.67 

51 .68 

5?.  77 

52.82 

53.11 

53 . 67 

54.53 

57.19 

60.65 

Uy/Ur,  e  2400  0  ft 

Activity 

Factor 

100.000 

115.000 

130.000 

1  .305 

1  .?56 

1  .?!? 

1.244 

1.183 

1 .151 

1  .169 

1.138 

1  .  096 

1,107 

1  .  086 

1  ,  062 

1  .  079 

1,054 

1,019 

<56  Speed 

KT.ASPAYLOAl) 

RANGE 

Activity 

factor 

10  0.0 

115.0 

130.0 

190.2 

191 . 1 

191 .4 

196.8 

197,1 

196.6 

199.0 

198.0 

196.9 

197.4 

196.3 

195.0 

194.3 

19?. 7 

191  .? 

V/V*  PAYLOAD  RANGE 


Prop  Oianeter 
75.0000 
80.0000 
85.0000 
90.0000 
95.0000 


85.000  100.000 

0.903  0,919 

0.952  0.958 

0.974  0.971 

0.970  0.964 

0.956  0.946 


Acti vity  Factor 
115.000  130.000 

0.9?6  0.9P9 

0.960  0.959 

0.966  0.961 

0.958  0.951 

0.938  0.930 


Part(c) 
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Table  C-5  (Continued) 


WYIF  lAHS  NOISF  STUDY  —  T?10,  3  PIADFS,  2A00  RJM  MCP 


w  •  '  . 

Fuel  Uolune  Ratio 

Activity 

Factor 

Prop 

Diawgter 

85.000 

100.000 

115.000 

130.000 

7f.,  0000 

2.641 

2.641 

2.641 

eo  .  0000 

2.641 

2.641 

2,641 

2.641 

f.Ja.OOOO 

2.641 

2.641 

2.641 

2.641 

90 . 0000 

2.641 

2.641 

2.641 

2.641 

VJ,. .  0000 

2.641 

2.641 

2.641 

2.641 

M.4X  SPEED 

KTAS  AT  24000  FT, 

Activity 

Factor 

Pr  OQ 

D  ia«f?Ter 

35.000 

100. 000 

115,000 

130 .000 

7U . 0000 

181 .593 

184.938 

1 86 . 345 

186.643 

80 . 0000 

191 .464 

192.701 

193.004 

1 9-? .  829 

t!f..  .0000 

195,88? 

195.381 

194.370 

193.264 

90 . 0000 

195.  1.87 

1  93 . 8.?7 

192,6?6 

191 . 268 

.0000 

192.239 

190 .280 

188.711 

187 . 040 

PRICK  EST, 

Activity 

Factor 

Prop 

D  ianciter 

85 

100 

115 

130 

7t..  0000 

17890? 

180787 

181581 

18186? 

80 . 0000 

184  47-? 

185173 

185343 

1 85244 

eb.oooo 

186971 

186687 

186115 

185490 

90.0000 

186578 

185308 

185129 

1B4361 

9b. 0000 

184910 

183803 

182917 

181974 

DOC  EST. 

Activity 

Factor 

Pr  op 

OiaMP  ter 

85.00 

100.00 

115.00 

130.00 

7b. 0000 

117.17 

117,73 

117.97 

118.05 

80 .0000 

1  1 8 . 8.3 

119.04 

119. 09 

119.06 

8b. 0000 

119.58 

119.49 

119,3? 

119.14 

90 ,0000 

1 19.46 

119.23 

119,03 

1 18.80 

9b. 0000 

118.96 

118.63 

119.37 

118.09 

Port(d) 
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Table  C-6 


WYLE  LAHf;  NOISE  STUDY  --  T?10,  4  SIADES,  2500  RPM  HOP 

NOISE  dBA 


Actiwity  Pacior 


Prop 

OiaM.->t«?r 

85.0 

100 .0 

115.0 

130.0 

75.0000 

77.5 

77,3 

77.1 

77.1 

60 . 0000 

79.6 

79.5 

79.5 

79.5 

65.0000 

82.3 

62.3 

6? .  4 

82.4 

90 . 0000 

85.3 

85 . 5 

85.6 

85.7 

95.0000 

88.  P 

89 . 0 

09.2 

89.3 

Dr  >g  Pol.3r  Cdo 

Ac  tivity 

Factor 

Pr  O;! 

Dian.-^ter 

85 .0000 

100.0000 

115.0000 

130 . 0000 

75.0000 

0 .0190 

0.0190 

0.0190 

G .0190 

60 . 0000 

0 . 0190 

0.0190 

0.0190 

0.0190 

65 . 0000 

0.0190 

0,0190 

0.0190 

0 .0190 

90 , 0000 

0.0190 

0,0190 

0 .0190 

0,0190 

95 . 0000 

0.0190 

0.0190 

0.0190 

0.0190 

Drag  Polar  1/iiAe 

Activity 

Factor 

Prop 

0  i..3fnj>ter 

35.0000 

100.0000 

115.0000 

130 . 0000 

75. 0000 

0 . 0490 

0.0490 

0 ,0490 

0 . 0490 

30 . 0000 

0.0490 

0.0490 

0.0490 

0 . 0490 

55.0000 

0 . 0490 

0 .0490 

0.0490 

0  .  0490 

90 . 0000 

0 . 0490 

0.0490 

0 . 0490 

0 . 0490 

95.0000 

0 . 0490 

0 . 0490 

0.0490 

0 .0490 

TAKEOFF  DISr. 

ft . 

Ac  tivity 

Far  tor 

Prop 

Dianeter 

85,0 

too.o 

115.0 

130.0 

75.0000 

2450.7 

2371 .7 

2319,0 

2285 . 1 

80 . 0000 

2341.0 

2325 . 1 

2321 .9 

2327.5 

65.0000 

2418.6 

2433.7 

2456.6 

2464.9 

90.0000 

2646.5 

2694.5 

2739 . 3 

2787 . 5 

95,0000 

3042.1 

3114,5 

317B,6 

3244.7 

ROC  e  SEA 

LEVEL 

f t/nin 

Activity 

Fac  tor 

Prop 

Diane  ter 

85.0 

100.0 

115.0 

130.0 

75.0000 

589 . 5 

587.4 

56? .  1 

566 . 5 

80.0000 

58.S .  3 

569,2 

554 . 2 

538 . 2 

85.0000 

55? .  7 

535.2 

519.5 

503.6 

90.0000 

500.2 

481  .8 

466.4 

451  .3 

95.0000 

4?9.? 

All  .4 

397.0 

383.3 

Part  (a) 


C-24 


Table  C-6  (Continued) 


WYIE  LAhH  NOISF  i 

S71II>Y  «-  TPiO,  4  BLADFS,  ?500  RPM  HrP 

ROC  »  P4000  ft 

f t/«in 

Activity 

Factor 

Pr  op 

Di-i««3ter 

85.0 

100.0 

115.0 

130.0 

7t..  0000 

36?.  0 

366.7 

341  .5 

340  .  t 

eO . 0000 

35?.  0 

361 .1 

330.9 

279.8 

Pt..0000 

3?5 ,  e 

306.? 

29? .  0 

?74.0 

90.0000 

?93 . 7 

263.7 

230 . 1 

197.8 

95.0000 

?17.4 

1 8? .  6 

154 . 1 

125.7 

Ran<3 

e  -  NH 

Act) vary 

F  a  r  1 0  f 

P  ('  0  p 

DiaMr>ter 

85.0 

100.0 

115.0 

130.0 

7b. 0000 

856.9 

856 . 3 

851  .5 

P47 . 6 

30 . 0000 

87P  .  0 

865 . 8 

B52 .8 

R42 . 3 

35. 0000 

860.  C 

849 . 1 

838.9 

8?8 .6 

90.0000 

83.(i .  8 

819.6 

802  .  ? 

783 . 2 

95.0(10  0 

790  .A 

766.1 

741,4 

71?  ,  1 

CRUISF.  SPEf  £>  KTAB 

Activity 

Far  tor 

;*r  Of) 

Di,  art!:?  ter 

85 . 0 

100.0 

115,0 

130.0 

75.0000 

196.0 

197.0 

196.9 

196.5 

80 . 0000 

POO  .  9 

199.9 

198.7 

197.7 

£:5.0Q0  0 

?0  0.? 

198.9 

197,5 

196.1 

70.0000 

197.3 

195.4 

193.6 

191 .9 

95.000(1 

19?.  8 

190.4 

1B8.? 

1 86 .  ? 

% 

Basic 

F«pty  Weight 

-  lbs 

Acti vi ty 

Far  tor 

Pr  op 

Oi  an;;*  ter 

85 . 0 

100.0 

115.0 

130,0 

75.0000 

??89 . 0 

?28V . 0 

2?89.0 

2?69 . 0 

80 . 0000 

??89. 0 

2289 . 0 

2289 . 0 

2289.0 

35.0000 

??89. 0 

2289 . 0 

2289 . 0 

??89. 0 

90 .0000 

??89 . 0 

2289.0 

2289 . 0 

2.289 . 0 

95.000(1 

??89 . 0 

2289.0 

22P9 . 0 

PPB9 . 0 

RepwireiJ  Fuel  Capacity 

-  lbs 

Activity 

Fat  t  or 

Prop 

Di.3Metor 

85.0 

100.0 

115.0 

130.0 

75.0000 

556.0 

55£. .  0 

556 . 0 

556 . 0 

60 . 0000 

556.0 

556.0 

556 . 0 

356 . 0 

35.0000 

556 . 0 

556.0 

556 . 0 

556 . 0 

90 . 0000 

556.0 

556.0 

556.0 

356.0 

95.0000 

556.0 

556.0 

556.0 

556 . 0 

Part(b) 
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Table  C-6  (Continued) 


WYIE  LAB&  NO  I  Sit 

STUDY  —  T?10,  4  BLADES,  2500  RPM  MfP 

Cruise  efficiency  PAYLOAD 

RANGE 

Activity 

Factor 

Prop 

Diaweter 

85.00000 

100.00000 

115,00000  130.00000 

7f..  0000 

0 . 036B6 

0  .  03677 

0 . 03645 

0 . 0360? 

BO  .  0000 

0 . 038 1 B 

0 . 03762 

0 . 03705 

0.  03651 

et:j .  0000 

0 . 03775 

0.03699 

0  .  03628 

0 . 0356? 

90.0000 

0 . 0360A 

0 . 03512 

0 . 03428 

0 . 03349 

9S .0000 

0 . 03375 

0.03262 

0  .  03160 

0 . 03066 

Tine  To  Clinb  -  nin 

Acts  wi ty 

Factor 

Prop 

OiaMr»ter 

85.  no 

100.00 

115.01) 

130 . 00 

7ti .  000  0 

45.flSj 

44 . 94 

44.97 

44 . 44 

BO .0000 

44.19 

43 . 56 

45. 07 

46.41 

f.!5. 0000 

45.21 

46.0? 

46.71 

47 . 87 

90 .0000 

47.02 

49.20 

52 . 2  4 

56.18 

.0000 

54 . 56 

59.15 

64 , 58 

72.50 

Vy/Us  P  24000  ft 

Acti V 3  t  y 

Factor 

Pro  1.) 

0  tor 

.25. 00  0 

100.000 

115.000 

130 ,000 

7t<.  0000 

1  . 233 

1  . 229 

1.166 

1.140 

80.0000 

1 .172 

1  . 1  53 

1.117 

1  .  075 

es- .  00  00 

1.121 

1  .  090 

1  .  071 

1  ,  044 

90 . 0000 

1  .  08B 

1  .  061) 

1  ,  025 

0 . 998 

9t.  .0000 

1  .  045 

1  .  018 

0,9(!2 

0 .963 

.Auf?rd<3r?  Cruise 

KTASPAYLOAD 

RANGE 

Activity 

factor 

Pr  op 

OiaMrjter 

35. 0 

10  0.0 

115.0 

130,0 

7L. .  0000 

181 .4 

181 .1 

180.4 

179.4 

BO. 0000 

184.4 

183.0 

18  .7 

180.5 

£!?.  .0  000 

183.3 

181 .6 

179.9 

178.5 

90.0000 

179.5 

177.2 

175.4 

173.5 

• 

VS..  0000 

174.2 

171.5 

169.0 

166.8 

V/V«  PAYLOAD 

RANGE 

Act  3  V j  t y 

Factor 

Pr  op 

OiaMPter 

85,00  0 

100 . 000 

115.000 

130 .000 

7t..  0000 

0  .874 

0.874 

0.870 

0.865 

80.0000 

0,893 

0.886 

0.879 

0.872 

85.0000 

0.888 

0.878 

0.869 

0.861 

90 . 0000 

0,867 

0.854 

0.842 

0.833 

95.0000 

0 . 835 

0.819 

0.804 

0.790 

Part(c) 
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Table  C-6  (Continued) 


DATf^  FILE  WLSEAB 
WYLF  LAh.S  NOJSF  STUDY  —  T?10>  4  PlADEP,  2LOO  RPM  HP-P 


Fuel  Volune  Ratio 

Act i M  i  t  y 

Factor 

Prop 

Diortstpr 

85.000 

too , 000 

115,000 

130.000 

71. .  oonii 

P.b'iA 

2.641 

2.641 

2.641 

80  .  UOOO 

2.641 

2.641 

2.641 

2.641 

p.s.oooo 

2,641 

2 , 64 1 

2,641 

2.641 

90  . OOOQ 

2.. 641 

2.641 

2.641 

2.641 

91:..  .0000 

2.641 

2.641 

2.641 

2.641 

MAX  SPEED 

KT.4B  AT  17000  FT. 

Activity 

Factor 

Pr  op 

0  i.metf?r 

85.000 

100 . 000 

115,000 

130 . 000 

7!L.  .  0000 

188.941 

188,570 

187,576 

186.546 

80  .  OOOQ 

191 .360 

1 89 . 9.68 

188.630 

1B7.542 

Pb.OOOO 

191 . 051 

1B9 .487 

187.957 

186 . 490 

90 . 0000 

188.303 

186.327 

184.533 

1B2.873 

9b.. 0000 

183.867 

181 .484 

179.318 

177 .3)2 

PRICE  EST. 

Ac  t  :i  V  i  t  y 

Factor 

Pr  op 

1)  ia«:?tsr 

85 

100 

1  15 

130 

7b..  OOOC 

183047 

182837 

182276 

181695 

80 .0000 

184413 

183627 

1B2871 

182257 

Pf..  .0000 

184239 

183355 

182491 

181663 

90 . 0000 

182687 

181571 

180559 

1 79623 

9!:.. 0000 

180184 

178840 

177620 

176491 

DOC  EST. 

Activity 

Factor 

Pr  op 

OiaM»?tf>r 

85.0  0 

100 . 00 

115.00 

130 , 00 

7b.  .0000 

118.41 

118.34 

118.18 

118,00 

80. 0000 

1 1  !3 . 82 

118.58 

118.36 

118,17 

Pb..00Q0 

118.76 

118.50 

118.24 

117,99 

90 , 0000 

118.30 

117.97 

117.66 

117.39 

9t..  0000 

117.55 

117.15 

116,79 

116.45 

Part(d) 


fr 

Table  C-7 

WYIF  LA|!S  NOJSF 

'/ 

[ 

BTUDY  —  7?10,  A  HI  AM 

8,  2400  RPM  MCP 

i 

3 

- 

NOISE  dBA 

i 

Acti V j  ty 

Factor 

Pr  op 

I) 

85.0 

100.0 

115.0 

1.50.0 

7f..  0000 

77.1 

76.9 

76,8 

76.7 

80 . 0000 

79.:? 

79.1 

79, 1 

79.1 

£;^..000() 

R1  .£> 

8i  ,7 

81  .8 

81  ,9 

90.0000 

81.5 

B4.6 

84 . 7 

84.8 

9';  .  .0000 

87.7 

B7,9 

BB.O 

88.2 

j 

Dr-^)g  Polar  Cdo 

1 

ftr  tiyaty 

Factor 

Prop 

Di.=)f>t  5 1  e.'' 

35 ,00  01) 

100.0000 

113,0000 

130 . 0000 

7b  .  0  0  n  0 

0,0190 

0.0190 

0 ,0190 

0 . 019(t 

80 .0000 

0.0190 

0.0191/ 

0  ,  0190 

0 . 0190 

Hb. coon 

0.0190 

0 . 019C 

n . 01 90 

0.0190 

90 . 0000 

0,0190 

0,0190 

D  ,  0190 

0 , 0190 

9b . coco 

0.0190 

0,0190 

0,0190  . 

0.0190 

Drag  Polar  l/7»Ae 

Artivi  t  y 

Factor 

P  r  0  p 

T)  i  er 

85 .0000 

100.0000 

113.00 1)  0 

130.0000 

7t.  .0000 

0  .  049(1 

(1 .0490 

C . 0490 

0  .  1)490 

' 

SO  .  0  0  0  0 

0 ,0190 

0.0190 

0  .  0491) 

0 . 0490 

tib.OOOO 

0 . 0490 

0  .  0490 

0 .0490 

0  .  0490 

90 . 0000 

0 .0190 

0,0490 

0.0491) 

0  .  0490 

9L.  .  0000 

0  .  0490 

0 . 0490 

0 . 0490 

0  .  0  490 

Tr'iKeOFF  DTHI  . 

ft. 

A(  1 1  V  T  t  y 

Fac  t or 

Prop 

Dl  awe tor 

83.0 

100,0 

115.0 

1.50 . 0 

7b. 0000 

P449.6 

F  37  (1.6 

2317.8 

2283 . 8 

80 . 0000 

23.59 .8 

2323.7 

2320.6 

2326 . 1 

bb.OQOO 

2417.4 

2432.,'’ 

2455 . 0 

2483.3 

1 

90 . 0000 

2614.7 

2692 . 6 

27.17 , 4 

2705 . 5 

9b  .  0000 

3039.8 

3112.1 

3176.1 

3242.1 

ROC  e  8*-:,A  LEVEL 

f  t/iiin 

Activity 

Factor 

Prop 

Di  .3  Mi?  ter 

83.0 

10  0.0 

115.0 

130.0 

7b. 0000 

494.1 

489.4 

484 . 1 

471  .8 

80 . 0000 

490.7 

472.7 

457.2 

441  .5 

((b.OOOfl 

465.0 

448.5 

433 . 8 

418.7 

1 

90 . 0000 

429.0 

412.7 

399.0 

585 . 4 

j 

9b.  0000 

377 . 4 

361 .8 

349.0 

336 . 7 

1 

K  Part(a) 

1 

L 
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Table  C-7  (Continued) 

WYLE  IftHS  NOISF  STUDY  —  TPIO,  A  P-^OO  RPM  MCP 


ROC  e  24000  ft 

f t/nin 

Activity 

Fac  tor 

Prop 

DiaMi3tr»r 

85.0 

100 . 0 

115.0 

130.0 

75.0000 

315.5 

363.2 

367.6 

334.6 

80 .0000 

350  .  A 

346.5 

353 . 2 

319.2 

85.0000 

3'*7.3 

314.0 

295.9 

280.1 

90 . 0000 

302.9 

285 . 6 

258. 1 

223 , 4 

95.0000 

?f.3 . 5 

216.0 

1 8.5 . 4 

155,2 

Ranq 

w  -  NM 

Activity 

Factor 

Pr  op 

Diane isr 

85 . 0 

100.0 

115.0 

130 . 0 

75. 0000 

769 . 3 

787,9 

789 . 5 

785 , 7 

80 . 0000 

807.5 

802.5 

796 . 5 

786.5 

05.0000 

808.2 

796.1 

788.4 

781  .5 

90 . 000  0 

792 . 9 

783.1 

770 . 7 

754 . 7 

95.0000 

7<S6.7 

747.3 

727 . 5 

703.2 

CRUI5F.  SPEED  KTAS 

Activity 

Factor 

Pro  1.) 

Dianeter 

85 . 0 

10  0,0 

115.0 

130.0 

75 . 0000 

189  .  < 

190.2 

190,4 

190.1 

80.0000 

195.8 

194.9 

193.6 

192.3 

85 .0000 

196.6 

195.0 

193.7 

192.3 

90.0000 

19'»  ,7 

192.8 

191,1 

189.4 

95.0000 

190 .8 

188.4 

186. 3 

184.4 

Ba'>ic. 

Enpty  Weiqht 

-  lbs 

Activity 

Fac  tor- 

Pr  op 

Dianeter 

85 . 0 

100 . 0 

115.0 

130 . 0 

75.0000 

2289 . 0 

2289 . 0 

2289.0 

2289 , 0 

80 . 0000 

2239,0 

2289 . 0 

2289 . 0 

2289.0 

85.0000 

2289.0 

2289. 0 

2289 , 0 

2289 . 0 

91)  .0000 

2289 . 0 

2289 . 0 

2289 . 0 

2289 . 0 

95,0000 

2289.0 

2289 . 0 

2289 . 0 

2289 . 0 

Required  Fuel  Capacity 

-  lbs 

Activity 

Factor 

Pr  op 

Dianeter 

85 . 0 

100.0 

115.0 

130.0 

75.0000 

556.0 

556.0 

556.0 

556 . 0 

80 . 0000 

556.0 

556.0 

556,0 

556 . 0 

85.0000 

556.0 

556 . 0 

556.0 

556 . 0 

90,0000 

556 . 0 

556.0 

556.0 

556.0 

95.0000 

556.0 

556 . 0 

556 . 0 

556 . 0 

Port(b) 
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Table  C-7  (Continued) 


WYLE  LftttS  NniSF  STUDY  —  T?10,  4  SLADES,  2400  RPM  MHP 


Prop 


Pr  op 


Pro  p 


Prop 


Prop 


Cruise  effic. iency»  PAYLOAD 

RANGE 

Activity 

factor 

Di-meter 

85.00000 

100.00000 

115.00000  130.00000 

7J;..  000  0 

0.03641 

0 . 03671 

0.03674 

0  .  03659 

80 . 0000 

0 . 03872 

0 . 03833 

0.03784 

0.03737 

BJ-j.OOOO 

0 . 03897 

0.03838 

0,03781 

0,03726 

90 . 0000 

0,03818 

0.03743 

0 . 03672 

0 . 03607 

9b. 0000 

0 . 03669 

0.03579 

0.03498 

0.03424 

Ti«e  to  Clinb  -  win 

Ac  t  :i  V  i  t  y 

Factor 

Di^wetar 

85 . 0  0 

100.00 

115,00 

130 . 00 

7f-.  000  0 

64.76 

55.93 

54.71 

54,99 

80 . 0000 

54.8-1 

54. 14 

53.71 

55 , 45 

Bb.OOOO 

53.80 

55.54 

56,47 

57,34 

90  .  OOOQ 

56.28 

57.31 

59 . 87 

64.23 

95.0000 

61  .30 

66.17 

71  .79 

79.71 

Uy/V<5  e  24000  ft 

Activity 

Fac  tor 

Di-^oeter 

05.000 

100 . 000 

1 1 5 . 0  0 1) 

130 . 000 

7‘vi .  0000 

1  . 26? 

1  .?13 

1  .?14 

1.14V 

80 , 0000 

1.188 

1.149 

1.137 

t  .  095 

C'.b.OOOO 

1  .  141 

1  . 095 

1  .  068 

1  .  048 

90.0000 

1 .088 

1.061 

1.036 

1 .013 

95.0000 

1  .  058 

1  .  019 

0.996 

0,974 

Average  Crui'ie  Speed 

KT.ASPAYLOAD 

RANGE 

Activity 

Factor 

Dianeter 

85.0 

100.0 

115.0 

130.0 

75. 0000 

193.6 

194.2 

194.2 

193.8 

80 . 0000 

197.1 

198.1 

196.8 

195.7 

E'.rj.QOOO 

199.7 

198,2 

196.9 

195.6 

90 . 0000 

197.8 

196.0 

194.3 

192.8 

95.0000 

194.? 

192.0 

190.1 

188,3 

V/V«  PAYLOAD 

RANGE 

Activity 

Factor 

Diaweter 

85,000 

100.000 

115.000 

130 . 000 

75.0000 

0  .940 

0.943 

0 . 945 

0  .943 

^0.0000 

0.972 

0.967 

0.960 

0.954 

SS.OOOO 

0.975 

(1 .968 

0.961 

0.954 

90.0000 

0 . 966 

0.957 

0.948 

0.939 

9S.Q000 

0.946 

0  . 935 

0.924 

0.914 

Part(e) 
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Table  C-7  (ConMnued) 

WYIE  LA>:S  NO]  SE  STUDY  —  TPIO,  A  BIAPES,  2400  RPM  MCP 


Fuel  Volo«e  R-atio 


Prop  Oia«f?ter 
7S.C000 
80 . 0000 
Ob. 0000 
90 . 0000 
95-.  .0000 


85.000  100.000 

2.641  2.641 

2.641  2.641 

2.641  2.641 

2.641  2.641 

2.641  2.641 


Activity 

115.000 

2.641 

2.641 

2.641 

2.641 

2.641 


Factor 
130 .000 
2.641 
2.641 

2.641 

2.641 

2.641 


M.4X  SPEED  KT.4S  .AT  24000  FT. 


Prop  Dia«'?ter 
75. 0000 
60 . 0000 
C!5. 0000 
90 . 0000 
95.0000 


85,000 
189.000 
195.406 
196. 185 
194.278 
190.309 


100. 000 
189.758 
194,45.6 
194.621 
1 92 . 388 
187.973 


Activity 
115.000 
189.970 
193. 161 
193.318 
190.620 
185.852 


Fac  t  or 

130,000 

189.675 

191 .894 

191 .907 

188.924 

183.884 


PRICE.  EST. 


Activity  Factor 


Prop  Diawi^ter 

85 

1  00 

1 1 5 

130 

75. 0000 

183080 

183508 

183628 

183461 

80 . 0000 

18670.2 

186164 

185432 

184715 

85.0000 

18714? 

186257 

1855.70 

184723 

90 . 00  0  0 

186063 

184994 

183995 

183037 

95 . 0000 

183819 

182500 

181303 

180193 

DOC  EST. 


Prop  DiaMeter 

85.00 

100.00 

Acti vi ty 
115.00 

Factor 
130 .00 

75.0000 

118.47 

1 18.55 

118.58 

118.53 

80 , 0000 

119.50 

119.34 

119.12 

118.91 

85.0000 

119.63 

119.37 

119.15 

118.91 

90 , 0000 

119.31 

118.99 

118.69 

118.40 

95,0000 

118.64 

118.24 

117.89 

117.56 

Part(d) 
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APPENDIX  D 


Projected  Trends  in  Noise  Impact  Around  General  Aviation  Airports 

Evaluation  of  the  impact  of  noise  from  general  aviation  aircraft  provides  a 
useful  perspective  for  considering  the  need  for  appl/ing  source  noise  control  to  the 
dominant  portion  of  the  aircraft  (i.e.,  small  pwopeller  aircraft)  which  make  up  this 
fleet.  One  previous  study^”*  provided  a  quantitative  estimate  of  the  total  land 
area  and  population  within  the  65  contour  around  6,610  general  aviation 
airports  for  which  traffic  data  were  available  as  of  1972.  Noise  impact  was 
assumed  negligible  for  an  additional  5,800  general  aviation  oirports  of  record,  as  of 
1972,  which  were  assumed  to  be  private  with  unlighted,  unpaved  runways. 
These  estimates  have  been  revised  using  more  recent  FAA  traffic  data  at  1,507  of 
the  nation's  busiest  general  aviation  airports.*^”^’  This  resulting  profile  of 

numbers  of  such  airports,  broken  down  by  the  number  of  annual  operations,  the 
availability  of  jet  fuel,  and  runway  length  is  shown  in  Table  D-  I.  The  remainder  of 
the  6,610  airports  not  included  in  this  update  were  assumed  to  fall  into  the  same 
range  of  operations  and  airport  type  (i.e.,  no  jets,  runway  less  than  3,500  ft)  as 
before. 

The  sotne  airport  modeling  techniques  applied  in  Reference  D- 1  were 
reapplied  with  the  updated  traffic  data  in  Table  D- 1  to  provide  a  new  estimate  of 
the  impacted  area  arxi  population  around  general  oviation  airports.  The  techfiiques 
involved  in  the  original  study  included  the  following  major  elements;*^*  * 

o  An  average  airport  was  defined  for  each  of  the  four  airport  categories 
listed  in  Table  D-  1. 

o  A  mix  of  operations  by  type  of  general  aviation  aircraft  was  estimated 
for  each  airport  type.  The  types  of  general  aviation  aircraft  consisted 
of  large  or  small  jets  (thrust  greater  or  less  than  8,000  lbs),  large  and 
small  turboprop  and  piston  propeller  aircraft  (with  engine  greater  or 
less  than  1,450  horsepower).  The  resulting  distribution  of  operations 
by  airport  and  aircraft  type  is  shown  in  Table  D-2. 

o  From  References  D-2  and  D-5  and  Table  D-2,  an  estimate  was  mode 
of  the  absolute  number  of  operations  of  each  aircraft  type.  In  the 
original  study *  approximately  88  percent  of  these  operations  were 
estimated  to  consist  of  flights  by  small  propeller  aircraft.  Although 


Table  D-l 


Estimated  Distribution  of  Annual  Operations  of 
General  Aviation  Aircraft  by  Number  and  Airport  Type 


Number  of  Airports 

Number  of 
Annual 
Operations 

Jet  Fuel 
Available 
Runway  Length 
>4,750* 

Jet  Fuel 
Available 
Runway  Length 
<  4,750* 

No  Jets 

Runway  Length 
>  3,500* 

No  Jets 

Runway  Length 
<  3,500* 

>A00,000 

6 

1 

200,000  -  399,999 

14 

2 

15 

2 

100,000  -  199,999 

63 

2 

43 

6 

50,000  -  99,999 

102 

6 

82 

24 

25,000  -  49,999 

156 

10 

182 

96 

10,000  -  24,999 

126 

12 

175 

1,509 

1,000  -  9,999 

43 

4 

2,847 

<  1,000 

4 

1,078 

Total 

514 

36 

498 

5,562 

Data  from  current  FAA  statistical  records 
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Table  D-2 


Percent  Distribution  of  Operations  for  Eoch  General  Aviation  Airport  Category 
in  Table  D- 1  and  for  Each  Aircraft  Type 


Airport 

Category 

Large- 

Piston 

Small  Piston 

Turboprop 

Large* 

Jets 

Small 

Jets 

Total 

Single 

Engine 

Multi- 

Engine 

Large^ 

Small 

Large 

Airport 
with  Jets 

5%  Ni^t 
Operotions 

0.3 

85.7 

8.6 

0.7 

1.8 

2.0 

0.9 

100 

Medium 

Airport 

1%  Nig^t 
Operations 

0.3 

87.5 

8.8 

0.7 

1.8 

0 

0.9 

100 

Large 

Airport 
without  Jets 
l%Nic^t 
Operations 

0.3 

88.3 

8.9 

0.7 

1.8 

0 

0 

100 

Small 

Airport 

0.5%  Night 
Operations 

0 

89.2 

9.0 

0 

1.8 

0 

0 

100 

'Tlrust  8,0001b 
2 

Horsepo>wer  1,450  hp 
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the  current  ger>eral  aviation  fleet  now  has  a  slightly  greater  proportion 
of  business  jets,  they  still  constitute  only  about  1.3  percent  of  the 
fixed-wing  general  aviation  fleet  and  operations  of  small  propeller 
aircraft  still  dominate  the  operations  of  general  aviation  aircraft. 

o  Standard  contour  calculation  methods,  using  INM,*^"^  were  then 
applied  to  estimate  noise  contours  for  a  conservative  model  for  the 
operational  pattern  at  each  airport. 

o  Finally,  data  on  populations  exposed  to  airport  noise*^” 

were  used  to  estimate  the  population  within  these  contours  for  each  of 
the  airport  types. 

o  Scaling  factors  based  on  the  distribution  of  numbers  of  operations  by 
airport  type*^”  *  ’  were  then  used  to  scale  the  values  for  each 
average  airport  to  the  nation. 

To  5>rov!de  a  very  rough  estimate  of  the  previous  and  future  trends  in  the 
population  impacted  by  general  aviation  operations,  the  following  scaling  models 
were  used,  based  on  results  for  the  1975-1980  time  period  and  on  other  airport 
noise  impact  studies.^"*’ 

o  Average  total  number  of  operations  per  year  per  general  aviation 
aircraft  was  assumed  to  be  640.  (If  only  general  aviation  operations  at 
FAA-operated  control  towers  had  been  used,  this  figure  would  have 
been  only  about  250  per  year.) 

o  Noise  impacted  area  was  assumed  to  scale  as  the  number  of  operations 
to  the  0,9  power  (Reference  D-8). 

o  The  same  (nonlinear)  relationship  between  population  and  contour  area 
employed  for  the  1975-1980  baseline  period  was  used  to  estimate 
trends  in  population  impacted  by  general  aviation  aircraft  operotions. 

The  result  of  this  evaluation,  which  is  only  intended  to  provide  approximate 
trends,  is  shown  in  Figure  D-l  in  terms  of  the  estimated  number  of  operations  of 
general  aviation  aircraft  and  the  population  impacted  by  these  operations.  Note 
that  the  ordinate  value  for  some  of  the  curves  has  been  multiplied  by  a  constant 
for  convenience  in  plotting.  An  estimate  of  the  number  of  people  impocted  for  the 
nation  is  shown  in  Figure  D-l  for  both  ^dn  65  and  60  contours.  The  latter  value 
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Number  of  Opera tions/Yr  or  Number  of  People 


Figure  Dl.  Estimates  of  the  Historical  and  Projected  Trends  in  Total  Number 
of  Operations  and  People  Exposed  to  Noise  Around  Air  Carrier  and 
General  Aviation  Airports. 
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was  obtained  from  the  same  consistent  trend  in  total  natiorxil  contour  area  vs  L  . 

D-  I  D-7  D-8 

value  that  has  been  found  in  previous  studies.  "  •  "  *  "  For  the  sake  of 

comparison,  comparable  trends  in  the  number  of  air  carrier  aircraft  operations  and 
the  total  number  of  people  within  the  65  contour  for  these  operations  is  also 
shown. 

Several  general  observations  can  be  made  about  the  trends  indicated  in 
Figure  D- 1 . 

1.  The  number  of  people  exposed  to  noise  from  air  carrier  operations 
reached  a  maximum  in  about  1970  and  has  decreased  subsequently  as 
the  very  significant  reduction  in  source  noise  for  new  wide  body 
aircraft,  and  a  corresponding  flattening  in  the  growth  of  operations, 
became  effective. 

2.  No  such  pattern  is  indicated  for  the  number  of  people  exposed  to  noise 
from  general  aviation  aircraft.  While  the  trend  lines  shown  do  not 
reflect  the  current  introduction  of  c^ieter  propellers  or  quieter 
business  jets,  there  is  no  expectation  that  a  major  reduction  in  source 
noise,  comparable  to  that  achieved  by  transition  of  the  air  carrier 
fleet  from  pure  jet  engines  to  low  and  then  high  bypass  ratio  turbofan 
engines,  can  be  expected  for  the  general  aviation  fleet,  in  the  absence 
of  further  reductions  in  the  noise  of  propeller  aircraft. 

3.  Thus,  while  the  total  national  noise  impact  of  general  aviation 
aircraft,  os  measured  by  number  of  people  exposed  to  noise  of  their 
operations,  is  much  less  in  magnitude  than  for  air  carrier  aircraft,  it  is 
expected  to  continue  growing  at  the  rate  of  the  order  of  7  to  8  percent 
per  year  for  the  next  10  years.  This  is  comparable  to  the  anticipated 
growth  rate  in  total  number  of  operations  of  general  aviation  aircraft. 
The  influence  of  introducing  quieter  business  jets  and  quieter  propeller 
aircraft  based  on  current  technology,  will  be  partly  offset  by  the 
growth  in  number  of  operations  of  general  aviation  aircraft.  (There  is 
no  basis  for  a  lower  growth  in  operations  such  as  achieved  by  use  of 
wide-body  aircraft  in  the  air  carrier  fleet.)  Further,  the  population 
impacted  within  an  airport  noise  contour  grows  more  rapidly  than  the 
grovrth  in  the  area  of  the  contour  os  the  latter  extends  farther  and 
farther  into  the  community  beyond  the  airport  boundary. 
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To  place  this  rough  analysis  In  even  closer  perspective  for  purposes  of  this 
report,  it  was  desirable  to  estimate  that  portion  of  the  total  number  of  people 
exposed  to  general  aviation  aircraft  noise  which  is  attributable  to  operations  of 
small  propeller  aircraft  (i^.,  propeller  aircraft  with  a  maximum  takeoff  weight 
less  than  12,500  lb).  Based  on  the  same  data  and  procedures  outlined  above,  it  was 
estimated  that: 

o  About  SO  percent  of  the  total  noise  impacted  area  (and  corresponding 
population)  exposed  to  noise  from  general  aviation  aircraft  is  due  to 
operations  by  small  propeller  aircraft.  (The  total  crea  within  the 
60  contour  for  all  general  aviation  airports  is  estimated  to  be  about 
800  square  miles  in  1980.) 

o  At  least  75  percent  of  all  general  aviation  airports  (currently  over 
14,000  in  number)  are  served  exclusively  by  such  aircraft. 

o  Of  the  remaining  general  aviation  airports,  small  propeller  aircraft 
generate  about  94  percent  of  the  operations  (i.e.,  single  noise  events) 
and  about  40  percent  of  the  contour  area. 

In  summary,  while  the  total  magnitude  of  the  population  exposed  to  small 

propeller  aircraft  rjoise  (i.e.,  currently  estimated  to  be  at  least  130,000  people 

♦ 

inside  the  60  contour)  is  much  less  than  for  air  carrier  aircraft,  the  noise 
impact  from  such  aircraft  is  still  significant  due  to  its  continuing  growth  rate,  its 
extensiveness  over  many  communities,  and  the  expected  hi?^er  sensitivity  of 
people  in  relatively  quiet  communities  adjacent  to  small  general  aviation  airports. 

These  conclusions  are  consistent  with  the  increased  concern  about  generol 
aviation  aircraft  rK>ise  reflected,  for  example,  in  recent  conferences  on  the  topic 
held  in  the  U.  S.^~  orxl  the  extensive  research  and  investigation  on  the  problem 
in  France,*^”  *  *  Germany,^"  Switzerland,*^"  and  the  Netherlands.*^"  *^ 

One  aspect  of  the  noise  impact  from  general  aviation  aircraft  not  brought 
out  by  this  simplified  analysis  is  associated  with  the  most  critical  locations  around 
generol  aviation  airports  from  the  standpoint  of  noise  impact.  The  main  body  of 
this  report  has  pointed  out  that  noise  levels  generated  during  takeoff  by  most 
propeller-driven  snrwill  airplanes  (except,  perhaps,  fixed  pitch  propeller  aircraft)  are 
— 

A  more  conservative  estimote  of  the  relationship  between  population  and  contour 
area  around  general  aviation  airports  would  indicate  a  total  population,  witWn  the 
60  contour,  in  1980,  of  roughly  twice  this  value  which  is  in  approximate 
agreement  with  preliminary  results  of  a  current,  more  detailed  study  of  general 
aviation  noise  impact  undertaken  by  EPA  (Reference  D-9). 
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generally  higher  than  during  cruise.  Depending  on  the  size  and  mission  of  the 
aircraft,  the  distance  from  brake  release  where  the  takeoff  power  (i.e.,  propeller 
rpm)  is  cut  bock  to  cruise  conditions,  will  vary  substantially. 

However,  it  is  possible  to  generalize  to  this  extent  concerning  noise  impact 
uixler  the  takeoff  path.  An  extensive  statistical  survey  of  population  density 
around  o  Icrge  number  of  airports  was  reported  in  Reference  D- I .  These  data 
showed  that  for  the  smaller  airports,  with  (commercial)  operations  in  the  range  of 
10  to  39  per  day,  a  peak  population  density  in  the  range  of  500  to  800p>eople  per 
square  mile  is  not  reached  until  one  is  about  2  miles  (opproxi motel y  10,000  ft)  from 
the  center  of  the  runway.  Assuming  an  average  runway  length  for  such  small 
airports  of  4,000  ft,  this  places  the  peak  population  density  at  obout  12,000  feet 
(3.7  km)  from  brake  release.  At  this  distance,  one  can  expect  that  the  smaller 
propeller- driven  general  aviation  aircraft  will  have  normally  reached  their  cruise 
altitude  (and  hence  cruise  power  setting).  Thus,  noise  impact  underneath  the  flight 
path  of  these  smaller  aircraft,  which  often  spend  a  substantial  portion  of  time  in 
pattern  flying  near  the  airport,  is  most  likely  to  be  associated  with  cruise  power 
settings.  This  is,  of  course,  even  more  likely  for  the  cose  of  fixed  pitch  propeller- 
driven  aircraft  based  on  the  pattern  reported  herein  from  the  flight  test  program 
(i«.,  hi^er  propeller  rpm  during  cruise  for  the  Cessna  I72P  at  MNOP  than  during 
takeoff). 

This  rough  generalization  could  be  used  as  an  argument  to  retain  the  level 
flight  noise  certification  test  procedures  for  the  smaller  propeller-driven  aircraft. 
However,  this  neglects  the  true  situation  around  many  small  airports  where  sideline 
distances  to  substantially  populated  residential  areas  ore  often  quite  short.  Thus, 
noise  exposure  along  these  sideline  areas  due  to  the  higher  rwise  levels  generated 
Airing  takeoff  by  most  propeller-driven  small  aircraft,  again  possibly  excepting 
fixed  pitch  propeller  aircraft,  may  very  well  be  a  dominant  part  of  community 
noise  impact  of  general  aviation  aircraft. 

Clearly,  more  definitive  information  on  the  actual  location,  relative  to  the 
takeoff  flight  path,  of  residential  areas  most  exposed  to  general  owotion  noise  is 
needed. 
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APPENDIX  E 


Illustrative  Example  of  Trodeoff  Between  Engine  Power  arvi 
Aircraft  Weight  to  Maintain  Performance 

Perhaps  one  of  the  more  severe  penalties  that  might  occur  as  a  result  of 
imposing  source  noise  control  technology  is  associated  with  a  loss  in  engine  power. 
For  an  aircraft  designed  close  to  its  limiting  minimum  climb  rote  of  300  ft/min 
required  by  FAR  Part  23,  any  such  power  loss  can  require  a  related  reduction  in 
gross  takeoff  weight  in  order  to  maintain  the  minimum  climb  rate.  However, 
seemingly  small  reductions  in  horsepower  can  result  in  very  substantial  losses  in 
cabin  payload  or  fuel  load  -  either  factor  presenting  a  serious  loss  in  aircraft 
productivity.  This  loss  could  be  overcome,  however,  by  corresponding  reductions  in 
empty  weight.  This  is  best  illustrated  by  an  example. 

The  typical  tradeoff  relationship  between  o  reduction  in  horsepower  and  the 
necessary  percent  reduction  in  gross  weight  in  order  to  maintain  the  some  climb 
rate  for  a  typical  single  engine,  four-place,  retractable  landing  gear  propeller 
aircraft  is  about  7  percent  weight  reduction  for  o  1 0  percent  horsepower 
reduction.  This  relationship  was  applied  to  the  case  of  m  aircraft  with  on  original 
gross  weight  of  3,300  lb,  empty  weight  of  2,000  lb,  fuel  load  of  500  lb,  and  cobin 
payload  of  800  lb.  The  results,  summarized  in  Table  E- 1,  show  the  decrease  in 
either  of  these  latter  two  weight  parameters  for  just  a  3  percent  reduction  in 
horsepower  and  with  or  without  3  percent  decrease  in  empty  weight.  The  results 
ore  that,  for  the  Cose  (I)  for  a  constant  fuel  load  (or  nearly  constant  range),  the 
reduction  in  cabin  payload  is  either  about  8  or  only  0.7  percent,  depending  on 
whether  the  3  percent  weight  reduction  is  included. 

If  the  cabin  payload  is  maintained  constant  (Case  II),  the  necessary  decrease 
in  fuel  load  (proportional  to  range)  would  be  about  1 3  percent  without  any  weight 
reduction  or  1.2  percent  with  a  weight  reduction.  While  vastly  simplified,  this 
example  serves  to  point  out  the  fact  that  small  decrements  in  aircraft  performance 
can  have  a  large  relative  impact  on  aircraft  productivity,  but  that  this  penalty  con 
be  nearly  offset  if  weight  reductions,  equal  or  greater  than  the  engine  power 
reduction  on  a  percentage  basis,  can  be  utilized.  The  potential  benefit  of  applying 
new  high  strength  to  weight  materials  for  major  structural  portions  of  an  aircraft 
is  clear. 


# 
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illustration  of  How  a  Decrease  in  Empty  Weight  of  3  Percent  Con  Nearly  Offset  a 
Decrease  in  Engine  Horsepower  of  3  Percent  When  Same  Takeoff  Climb  Rate  is 
Maintained  for  a  Typical  Small  Propeller -Driven  Aircraft 


Weis^t  Element 
(in  pounds) 

Original 

Wei^t 

After  3%  Reduction  in  Horsepower 

Same  Empty  Weight 

3%  Decrease 

Gross  Weight 

3,300 

3,234* 

3,234 

Empty  Weight 

2,000 

2,000 

1,940  (-3.0%) 

Useful  Load 

1,300 

1,234  (-5.0%) 

1,294  (-0.5%) 

Case  1  -  Maintain 

Same  Fuel  Load 

500 

500 

500 

Cabin  Payload 

800 

734  (-8.2%) 

794  (-0.7%) 

Case  II  -  Maintain 

Same  Cabin  Payload 

800 

800 

800 

Fuel  Load  (Rcnge) 

500 

434  (-13.2%) 

494  (-1.2%) 

Based  on  typical  tradeoff  between  gross  takeoff  weight  and  engine  horsepower  of 
about  7  percent  weight  reduction  to  maintain  the  same  takeoff  climb  angle  for  a 
10  percent  reduction  in  horsepower. 


